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ABS TRACT 


Strength, in varying degrees, is generally recognized as a 
major component of successful participation in almost every sport. 
How best to train for maximum strength benefits has been a sugject 
of controversy and the lack of agreement has stemmed, in part, from 


a lack of knowledge about the nature of muscular contraction. 


The purpose of the study was to re-examine the nature of 
muscular contraction from a biomechanical point of view because it 
was believed that the differences found in the strength levels for 
the three modes of contraction were not real differences but were, 
reflections of the combined Tei uenee of angular motion and inertia 
upon the contraction. The hypothesis tested was that the maximum 
torques produced at a specified angle of flexion by the forearm flexor 
muscles would be the same regardless of the mode of contraction after 
the apparent torque produced had been adjusted for the peculiarities 


of angular motion and inertia. 


Six male and female subjects performed isometric, concentric 
and eccentric contractions about the elbow joint using the forearm 
flexor muscles. The fundamental premise underlying the experimental 
method was that the force, which imparted motion to an object, could 


be calculated if the time and distance characteristics of the motion 
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were known. Eccentric and concentric contractions against a 
resistance in the form of a dumbell were recorded photographically 
using a high speed motion picture camera. The isometric contraction 
was also performed using a dumbell but the recording of this event 
photographically was not necessary since its exact motion was known. 
Special precautions were taken in order to ensure stabilization of 
the shoulder and elbow joints while the contractions were being 
performed. Since most of the strength data in existance had been 
accumulated as the result of experiments performed on dynamometers, 
an isometric reading was taken on the dynamometer designed by 
Karpovich and Karpovich. The torque required to produce the movement 


- was calculated by summing moments about the elbow joint. 


Where accelerated motion was involved, the results tended 
to show no differences. There was no statistical difference between 
isometric and eccentric contractions. The concentric contractions 
exhibited a tendency to decelerate as the angle under review was 
approached. This caused large differences between the concentric and 
isometric torques. It was reasoned that the mathematical treatment 
of the concentric motion was erroneous because the torque producing the 
motion could not have decreased. Therefore, a conclusion regarding the 
concentric contractions and their relationship to isometric contractions 
was postponed until the experiment could be re-run using modified equations. 
equations. There was no difference in isometric torque values arising 
out of the dynamometer readings and the value when performed with a 


dumbell. 
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CHAPTER I 


Introduction 


Strength, in varying degrees, is generally recognized as a 
major component of successful participation in almost every sport. 
It is important, therefore, that athletes, coaches and all those 
interested in strength training have knowledge of how to best train 
for maximum benefits. Ironically, this type of information is lacking 
or it is at least subject to controversy. This lack of agreement stems, 
in part, from a lack of knowledge about the nature of muscular 


contraction. 


There are three ways in which a muscle can contract, namely, 
isometrically, concentrically and eccentrically. As reported in 
detail in Chapter II, the literature has stated that the force 
developed by a muscle was least concentrically and maximal eccentrically. 
Conversely, it has also stated that heat production and oxygen 
consumption by muscle was maximal concentrically and least eccentrically. 
It appeared, therefore, that the relationship between the force exerted 
on the one hand and the oxygen uptake and heat production associated 
with it on the other was contraty to that which one would normally 
expect. We had, therefore, an apparent contradiction. An eccentric 
contraction had been reported to be the strongest while at the same 
time, it required the least oxygen and produced the least heat. This 
phenomenon has been explained in terms of reversible chemical reactions 


with regard to the eccentric contrvacticn. 
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The purpose of this study was to re-examine the nature of 
muscular contraction from a biomechanical point of view because it 
was believed that the differences found in the strength levels for 
the various modes of contraction were not real differences but were 
reflections of the combined influence of gravity and angular motion 
upon the contraction. It was believed that there was no difference 
in cies a muscle contracts whether it was eccentrically, isometrical- 


ly. or concentrically. 


The hypothesis to be tested was that the Teen torque 
produced at a specified angle of flexion by the forearm flexor 
muscles would be the same regardless of the mode of contraction 
after the apparent torque produced had been adjusted for the influence 
of gravity, the peculiarities of anguiar motion and the method of 


measurement. 


The following definitions were used in this paper. A 
concentric contraction was the generation of force by a shortening 
muscle against a resistance. An eccentric contraction was the 
generation of force by a muscle against a resistance which caused 
the muscle to lengthen while it contracted. An isometric contraction 
was the generation of force by a muscle which did not change length 


while contracting against a resistance. 


The word "tension" deserved special attention because it had 
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been used liberally in the literature while, at the same time, it did 
not appear to have a precise meaning. In general, it appeared to refer 


to the force generated by a muscle. 


Negative and positive work referred to eccentric and 
concentric contractions respectively. The phrase "angle of flexion" 
referred to the angle between the anterior surfaces of the upper arm 
and the forearm. It was measured from the "position of reference" 
which has been defined as "the position achieved when the axis of the 
arm and forearm are in a straight line" (Kapandji:1974). An angle which 
was used extensively in this study, was the angle 9 which referred to 
the angle between the axis of the forearm and an imaginary vertical 
axis through the elbow joint in the sagittal plane. The two angles 


referred to have been demonstrated in Figure 1 below. 


FIGURE 1 
Position of Reference 


6 = 0° = Position of Reference 
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CHAPTER II 


Review of Literature 


There has been general agreement in the literature that 

the tension developed by a muscle was least concentrically, greatest 
eccentrically and middling isometrically. In 1965, Doss and Karpovich 
conducted an experiment using a manually operated dynamometer in order 
to compare the strength levels of concentric, eccentric and isometric 
contractions of the elbow flexors. The results were similar to those 
found in later studies (Singh and Karpovich:1966, Singh and Karpovich: 
1968) where concentric strength was found to be approximately twenty 
(20) percent lower than isometric strength. Other researchers have 
found similar relationships although their studies may not have been 


designed specifically for comparison purposes. 


Not only did muscle develop maximum tension eccentrically, 
it also produced the least energy expenditure and heat. Abbott, Bigland 
et al (1952) studied the physiological cost of negative work using two 
bicycle ergometers placed back to back and coupled by a chain. While 
one subject pedalled in the conventional forward direction, the other 
resisted in the opposite direction. It was reasoned that the cyclist, 
who pedalled forward, pedalled concentrically while the cyclist, who 
resisted, had his legs driven backwards eccentrically. The results 
confirmed the findings of other studies, namely, that the oxygen cost 
of eccentric work was less than that which was characteristic of 
concentric work. Other researchers have obtained similar results 
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(Asmussen: 1953, Abbott & Bigland: 1953, Kamon: 1970, Knuttgen et al: 


1971). 


The significance of the aforementioned experimental results 
and others was not lost on researchers. An eccentric contraction 
could be as high as seven times more efficient than concentric work. 
Abbott and Aubert (1952) referred to studies which have shown that heat 
production during eccentric work was less than that produced during 
concentric contractions. The researchers went one step further by 
observing that some work performed on a muscle during an eccentric 
contraction disappeared and it did not reappear as heat or mechanical 
energy. They concluded by speculating that the missing work "might 
have been used to stop or reverse some chemical processes normally 


providing energy in the muscle." 


Abbott and Aubert (1952) studied the absorption of work by 
muscle forced to stretch. In their summary of literature, they asserted 
that the heat produced during stretching (eccentric contraction) was 
more than that expected during relaxation but was too small to account 
for the work done. The authors also stated: 

"Tt is concluded that the missing work, about half of the 

whole, is absorbed, presumably as chemical energy ... it 


appears that the physical system responsible for mechanical 
work is reversibly coupled." 


As a result of the foregoing experiments and others, the 
notion of a fundamental difference between eccentric and other forms 
of contraction became deeply imbedded in the theory of strength 


physiology. Unfortunately, the data did not fit into a convenient 


thes. sian das a 
i sini | wedi laa 


5 aa ee ; ” ‘ : 
1 { i 7 : / ; : - a Y fa 
iy v WA vs ; | f ih . i i . if 7 
, on a 7 : = 
act | ee on 
ae n ie . Te ae 7 
+288 tay? ret ad =“ eet uate TT: , ba p30 as _ 
vias bali a eal ot 1 7 
4 (h iy » 
7 ’ 
; - 1" 
pads, laa 
Ae cane | ae ine Bh 


| dtetgeeries mn 235 er a oA 
; n ; Wok y i ar 


Aacw, -byshaekes tJ hihi ia 
P° RAb aw \ Neb 
F ¢ Ms Var mv iy : 
eA . ¢ . 1 P r/- - 
{eed 3684 avails co UShiw &s oe oy See . BAR 
fe 4 <7 oe — i) ; iy ytd : 
‘ 


rae | “7 
imwe taenbota techs weeds ebaith enw tue ar 


etaeove goth m 
‘ a <e Sys. Pate ag mi 


Fs 5 1 Ba a | 
tod tdat as Wo 2hew dtotorne ; ob enemy ix 
Nei es an! ale Aaety One Ws 
3.95 ih apliv Cadet haw wien 6 yrs yada ave 
’ ay Pim ¢ ke o ¥ mn OM wm Cigiie “ 


he raaqgne?b meg e9 


' my ai aS co Cig Pra 
¢ y\ H ; Sti aris ? . reaubias rons, Te 7a 
*\-* ee vy oad ? ss aed a 
’ . a Pk - ot 
+3 BATT" 5 a0oo0%q ! Meno Sai Pie te oF. porn pend -_) 
‘ = oe) ay 7 a eu re 7 te 
t ; i" nat ‘ ae 
Di aug yet ‘agises x 
‘ Pi i a At rs paren 
a ; 
" 7 ’ 7 7 AL , 
i dyvew to aohdgideds si bg Yb ie) ($e) as ado baa Igoddb ; oa 


‘ ' ; ' rie) deep ee 9 ae s i 
| | al (ee 
bauTsden YSOS ~Studetodit to yoei mos bed, ol ails wie 7H 07 beazod 2. 


or a oe glad i eT ye Meee ere ou 
' , eh Geass gkssres ot38 OD: a qin: awite gatiuh heawberg aed uals an 
- a hd 6. . * ih iy ; oe Cn - 7 7 ri ¥ PAu. 
Sdbéosk. od Ligeti ops sr o0e parte a ray Yrs coqe, sack nade 
. ‘ TY “9 ee yee | P| rt. er \" ie bd y i tid v1 i 4 


_—? 
how od "e7 
fel 

a 


: al 
=. 


AN 


di a 
ieee as sts wxndgue afl sab 
EE io Uh dd im deta oe io 
ad, to Med suds sieew. gateate wats: Ps ba | at 3 
a2 lone - Chaaits Ie puis + ng pened hadiouds © 
bashetuthag: WR gienare peor aay We wirvas ois’ ana p= 


hy omy leaded oe 
y oy Y 


x 


299 
tow 
nie 


Te ; ri haar 


yt ni ay Reyne 


| oi sateen aa 
Neen oe 
— mci soe otis fi 


“abana wie ? au 


= 


although the work performed was apparently equal, the strain while 
lifting a mass felt less than when it was lowered; that is, there 
was less strain associated with eccentric work than with concentric 


work. 


The every day experience of most people and personal 
experience in the gym appeared to contradict the conclusions 
reached by researchers regarding the relationships which exist between 
the force outputs of the three modes of contraction. Further, oxygen 
uptake and heat production studies, which have already been referred to, 
provided concrete evidence that the work loads were not equal in these 
studies if one disregards the notion of reversible chemical reactions. 
the foregoing comments are limited to the special case of motion in a 


vertical plane against the force of gravity. 


In view of the foregoing, a critical review of the literature 
was undertaken in order to establish the basis for the present state of 
knowledge. As was indicated in Chapter I, the use of the word "tension" 
appears to refer to force output of a muscle. Webster's New Collegiate 
Dictionary (1956 edition) defines the word tension thus: 

6.MECH. a A force (either of two balancing forces) causing, 


or tending to cause extension. b The stress or condition 
due to these forces. 


Clearly, the apparent forces tending or causing extension 


varied according to the mode of contraction. It is known that muscle 
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consistent model which could be used to unify the knowledge available 


about strength and endurance. 


Those who are experienced in weight training are generally 
aware of the fact that, with the proper amount of resistance applied 
to a limb moving against gravity, the initial concentric contraction 
will cease and become an isometric one. This phenomenon demonstrated 
the intimate relationship which appeared to exist between isometric, 
eccentric and concentric contractions. In view of this experience, 
it made no sense to say that the force generating capacity of muscle 
during the concentric contraction was twenty (20) percent less than 
its isometric value at the instant the concentric contraction became 
isometric. Intuitively, it appeared to be an error to make the 
statement that the force generating capacity of concentrically 


contracting muscle was eighty (80) percent of an isometric contraction. 


The same line of reasoning was used when comparing eccentric 
and isometric contractions. A resistance could be moved downward with 
gravity voluntarily until a peculiar angle was reached where a maximal 
contraction could be made isometrically without changing the resistance 
but beyond the said angle, the resistance forced the muscle to contract 
involuntarily in an eccentric manner. At the instant after the contract- 
ion became eccentric, it again did not seem reasonable to state that 
muscle could eccentrically contract twenty (20) percent more forcefully 


than it could isometrically. 


Finally, it has been the experience of most people that, 
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can support more weight than it can lift, for example. To make the 
logical jump from tension (resistance) to force output by the muscle, 
however, was unwarranted because the equivalence of tension to the 
strength generation required to overcome a resistance had not been 
established. None of the Singh and Doss studies, for example, 
considered the weight of the forearm or the characteristics of angular 
motion. In addition, it was assumed that the constant angular velocity 
involved in their studies was devoid of acceleration. Normally, this 
assumption would probably be a reasonable one, but the particular 
motions studied in the above referred to studies involved angular motion 
of the forearm about the elbow joint in the sagittal plane where the 
acceleration due to gravity operated vertically. It is a peculiar 
property of the said angular motion that a point on the forearm 
accelerates in the vertical plane from an angle 6 of zero (0) to 

ninety (90) degrees and it de-accelerates from ninety (90) to one 


hundred and eighty (180) degrees (see Figure 2), 


Figure 2 demonstrates vertical acceleration of a point on 
an arm which is rotating at a constant angular velocity. An arc has 
been drawn which represents the path of the point. Equal distances on 
the arc have been marked off and the distances between these points 
represent equal distances travelled per unit time. These points have 
been projected to a Y-axis where the distances between points are 
clearly not equal although the time interval between these same points 


has not changed. 
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FIGURE 2 


Acceleration in Uniform Angular Motion 


Y- Axis 


De-Acceleration 


Acceleration 


—— In the study of the physiological cost of negative work by 
Abbott, Bigland (1952), two bicycle ergometers were placed back to back. 
A single chain coupled the bikes such that when one subject. pedalled 

in the normal manner, the legs of the other were driven backwards, 

that is, he was forced to pedal eccentrically. The authors of the 
experiment stated that the forces applied by the cyclists against 

each other were equal because the pedalling was performed at a constant 
velocity. A reconsideration of the experiment indicated that the 
assumption of equal and opposite forces was unwarranted. The subject 
who pedalled concentrically had to constantly lift his own legs and 
those of the resister, overcome the inertia of the system and overcome 
the resistance applied by the resister. The resister on the other 


hand needed only to apply resistance. Clearly, the work performed by 


the two cyclists was unequal. The apparatus has been schematically 
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illustrated in Figure 3. 


FIGURE 3 


Schematic Representation of Abbott's Negative Work Experiment 
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Concentric Work Eccentric Work 


Asmussen (1953) studied the energy cost of positive and 
negative work using a bike ridden uphill and downhill on a motorized 
treadmill. Although the experiment was incompletely described, a 
detailed examination suggested that both up and downhill work were 
concentrically performed. In order to perform positive (concentric 
work uphill) work, the cyclist had to overcome the component of the 
combined force (weight) of the rider and bike which was parallel to 
the treadmill as well as the force generated by the treadmill causing 
the bike to move backwards. (see Figure 4) With regard to the 
negative work, it appeared that the treadmill was running and that the 
bike faced in the downhill position. If the treadmill was moving in 
the downhill direction, the cyclist had to pedal backwards in order to 
maintain his position on the treadmill and the muscular contraction 
had to have been concentrically performed. If the treadmill was moving 
in the uphill direction, then concentric contractions must have been 
performed also. (see Figure 4) The only way eccentric work could have 


taken place was to have held the treadmill motionless and to have 
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inclined the platform at a steep angle so that the cyclist was forced 
to resist the downhill movement of the combined bike and rider weight 
by contracting eccentrically against the bicycle pedals. The chain 
would have had to have been in its normal position. 


FIGURE 4 
Schematic Representation of Asmussen's Negative Work Experiment 


Oro) 


If the foregoing reduced ones confidence in the current 


state of knowledge about muscular contraction, the experiment of 
Infanti. et al (1964) caused profound doubts. Referring to the 
foregoing experiments and others, he stated in his review of literature 
that these studies 
"leave little doubt that the chemical reactions which 
normally occur during contraction can be reversed by 
stretch under the influence of the mechanical work 
supplied." 
The purpose of his study was to see if ATP was re-synthesized under 
such conditions. He found that, although the ATP breakdown was about 
one-half of that which would have occurred concentrically, the re- 
synthesis of ATP did not occur. The researcher remarked that his 
results were in apparent contradiction to the current theory. He 


then concluded that ATP was not the final source of energy for muscular 


work. 


Knuttgen et al (1971) studied oxygen debt in short term 
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exercise with regard to eccentric and concentric work. The results 


indicated no significant difference in recovery patterns. 


If the notion of reversible chemical reactions has been 
found wanting, the notion of absorption of heat was found to be equally 
suspect. The experiment of Abbott and Aubert (1952), which studied 
the absorption of work by muscle, calculated the heat produced 
eccentrically by subtracting the heat which would have been produced 
had no stretch occurred from the actual heat produced. This procedure 
may be criticized by stating that the work performed during positive 
and negative work had to be equal in order to make such a statement. 
Movement in the human body is normally angular whereas the motion of the 
resistance in the experiment was linear. As has been explained in 
Chapter IV, the resistive forces in angular motion in the vertical 


plane are not the same when moving up as when moving down. 


It was considered possible that the differences in the 
production of force by muscle as a function of the contraction could 
have been the result of the series elastic component in the muscle 
tissue. Wilkie (1956) stated in his study of the Mechanical Properties 
of Muscle, that the series elastic component of muscle smooths out the 
rapid changes in tension in the muscle. He correctly pointed out that 
the series elastic component has no mechanical effect upon a contraction 
when the contractions are performed isotonically where the term 
"isotonic" refers to equal tension in the muscle. Much of the strength 
data produced and all of the strength data referred to in this report 


has been the result of experiments performed upon machines which purport 
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to allow uniform motion only. The dynamometer referred to in this 
report was a case in point and it was the machine used in the studies 
of Singh and Karpovich (1968 and 1969). Since these studies 

involved non accelerated motion, the series elastic component could 
not have accounted for the spread in strength values found for the 


various modes of contraction. 


In summary, the literature has been found both contradictory 
and suspect with regard to some of the conclusions reached. It is 
contradictory in that there was evidence which did not support the 
reversible chemical reaction theory. In fact, the experiments of 
Infanti and Knuttgen et al suggested that there was no difference in 
the muscle physiology of concentrically and eccentrically contracting 
muscle. The experiments of Abbott and Asmussen, which found 
differences in work efficiency, have been found suspect because it 
was not clear that the work loads were equal on the one hand and on the 
other hand, there was doubt as to whether or not eccentric and 


concentric work were, in fact, being performed. 
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CHAPTER III 


Method and Proceedure 


The fundamental premise underlying the experimental 
method and proceedure was that the force which imparted motion 
to an object could be calculated if the time and distance 
characteristics of the motion were known. The satisfaction of 
two criteria followed from the foregoing; first, a simple, uncomp- 
licated movement was needed about a joint which was Sepnerreat 
simple and second, a method of accurately recording the motion in 
sufficient detail for analysis was required. The movement, which 
best fulfilled the first criteria, was contraction of the flexors of the 
forearm about the elbow joint. Eccentric and concentric @ontractions 
against a resistance in the form of a dumbell were recorded photo- 
graphically using a high speed motion picture camera. An isometric 
contraction was also performed using a dumbell but the recording 
of this event on film was not necessary because its exact motion was 
known. In view of the large amount of existing dynamometer data, it 
was decided to include an isometric measurement from the dynamometer 


described by Karpovich and Karpovich (1969). 


In order to ensure that the forearm flexors were producing 


movement without assistance, a method of stabilizing the upper arm 
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had to be devised. Those experienced in weight lifting are aware 
of an inclined exercise board used by "body builders" to stabilize 
the upper arm while performing "curls", that is, concentric 
contractions. An inclined bench (Figure 5) was constructed for the 
experiment. 


FIGURE 5 


Incline Board 


The subjects were instructed to stand on the base and to lean 


into the board such that the top was securely placed into the axilla 
and the extended arm was lying on the board. A foreward lean was 
necessary in order to both position the axilla properly and to 
stabilize the body by using the bench as support. Those experienced 
with handling weights assumed the proper position without instruction 
and the elbow and shoulder joints remained fixed while the muscles 
contracted. The inexperienced, however, transferred support of their 
upper body from the incline board to their front leg during maximal 
work and thereby, freed the shoulder from its position of contact 
with the board. As a result, the subject was able to displace the 


shoulder and elbow joints. This movement affected the contraction by 
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improving the mechanical advantage of the lever system. This 
resulted in gross deviations in the resistance required to produce 
an isometric contraction. As a result, restraints had to be 
introduced to prevent the shoulder and elbow joints from moving 


laterally and medially. 


A photographer from the photographic services department 
at the University of Alberta was used for the actual filming. The 
film was taken at right angles to the movement of the forearm 
around the elbow joint. Black and white film was used and the 
camera setting specifications were one hundred (100) frames per 
second, thirty six (36) degree shutter angle and one-thousandths 
(1000) of a second shutter speed. The camera was located twelve 


(12) feet from the subject. 


A group of six male and female subjects were used for the 


study. Pertinent data for each has been. summarized below. 


Subject Sex Age Comments 
1 . bie) Mother & housewife; average physique & fitness 
Z £ 19 First year university student; average fitness 
3 he OLS Junior high school student; non athletic 
4 m 30 Masters degree student in physical education 
> m 36 Masters degree student in physical education; 


experienced with weights; athletic background 


6 iy ak Clothing salesman; average fitness 


Three testing sessions were conducted. The first session 
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consisted of familiarizing the subjects with the apparatus and the 
movements to be performed on it. It was also held for the purpose 
of determining the amount of dumbell resistance required to produce 
an isometric contraction at an angle 6 of eighty (80) degrees. Each 
subject was given progressively heavier weights while performing 
concentric contractions on the inclined bench. At the correct amount 
of resistance, the subject was able to move the forearm concentrically 
upwards until the angle was reached at which time movement ceased and 
the weight was held isometrically at that angle. Four or five trials 
were required to determine the correct poundage. Weight was then 
added and subtracted from the isometric value to fine those resist- 
ances which would allow eccentric and concentric contractions through 
the angle. The resistances used and their relationships to one another 
have been outlined on Tables 1 and 2. 

TABLE 1 

Resistances Used For The Concentric 


Isometric And Eccentric Contractions 


(pounds) 
9 = 80° uae ted li 
Subject Concentric Isometric Eccentric Concentric Isometric Eccentric 
1 14.5 Li. SPAT! 16.9 20:50 Sige 
Z 10s ja) 16,7 16.8 20.4 ea re | 
3 16.8 Zea 2979) Up ces 30.0 Diee 
4 Poe Pal 39.4 46.2 32.4 40.4 Disa 
5 fo a | a2 a a ae, ieee 45.4 Sod 


6 22 31.9 53.4 Dene 40.4 58.0 
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TABLE 2 


Resistances As A Proportion Of Isometric 


@ = 80° 9 = 110° 
Subject Concentric Isometric Eccentric Concentric Isometric Eccentric 
1 0.84 1.00 109 0.59 1.00 1745 
2 0.83 1.00 1 eK, 0.82 1.00 1.36 
3 6.75 1.00 bop og, O2%5 1.00 ia 
4 0.74 1.00 Via 0.80 1.00 1 Sas: 
& 0.84 1.00 Ay Sores 0.60 1.00 ee16 
6 0.85 00 1.41 0.80 1.00 1.44 


The second session was divided into two parts. The first 
part consisted of taking isometric measurements on the dynamometer at 
two angles of 8 equalling eighty (80) degrees and one-hundred and ten 
(110) degrees. These two angles were chosen because they were above 
and below the horizontal ae points where gravity acted with almost full 
force. The subjects were placed in the dynamometer so that the 
shoulder was placed twenty degrees posterior to the elbow joint. This 
was necessitated by the fact that the upper arm lay at an angle of 
twenty (20) degrees to the vertical when it was lying on the incline 
board. The lateral episonayle of the humerus was placed opposite the 
axis of rotation of the lever arm. The contact plate for the distal 
forearm was positioned such that the distal border of the plate lay 
at the styloid process of the radius. The distance from the axis to 
the distal border of the plate was measured after each contraction. 
Each subject was taken in order and each performed three contractions 


at each angle. 
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The second half of the session was used to determine the 
proper resistance which would produce an isometric contraction at 
an angle 6 of one-hundred and ten (110) degrees. The proceedure 
followed was the same as at the other angle and the results have been 


summarized on Tables 1 and 2. 


The third testing session consisted of two parts. The 
beginning concerned itself with confirming the fact that the 
isometric values previously determined were still valid. The con- 
centric and eccentric contractions were then filmed. Each subject 
was taken in order but the order of the contractions performed was 
not consistent. Half the subjects contracted concentrically first 


while the other half reversed the order. 


Having obtained four raw score measures of muscle strength 
output for a particular Sere of contraction, this raw data had to be 
adjusted for the influence of gravity, the peculiarities of angular 
motion and the method of measurement. The details of these adjust- 
ments have been explained in Chapter IV. In general, the raw scores 
were transformed into the torque required of the forearm flexors to 
produce a particular raw score by summing moments of force about the 
elbow joint. The result of this calculation was an adjusted score for 


each contraction which could be compared directly to every other score 


at the same angle. 


The dependant variabie in this experiment was the adjusted 


torque which resulted from the four mathematical treatments administered 


i, rie i it ’ 
: at 


a i) i 
. } , a | oN vied or 

; ri —e Heat us a fe Nar Tn at . 
epee ane ue wi a 
ea? Se vi 


Ly 

* 
ay 

Py 


jos(due das8, ,boml23 sda sve Widtsonties: oisineo29, om pit . 
asy haasolied enoltoasinos off be aa Sud Raapainas nk moakaly saw a 


| ik eee tie ok | 
dagre tre ve bined 6s tll cl a | uy | 7 

od 43. bad etal war otro WEIS 0 Moy io oleae dediorereges 102 Juadao | | a4 
Tofugn® Jo omtstid Sug! ata walang, Ie ebpewiny ads 108) botaviie (Oe 
nev (bb seeds 26 alte cob SMe sakmimbemnin Se Joma od. SOA, cone a i} 
aonere vey ada dewweey af NOt, gainqein ob bomtelgze need aver #tnem L 
od aroMedd mraaget oda: te: oatvpas suptos wd 020? bewtobenss3 amp | a 


ods Annie, S80 te woos ann ana selvabstag 6 soubeag i 
" 


ae . 
[> pred i Mi ; wr | : ne Ei ra 
ap iid a at me 


Ra a at a ip 
a Fae 4 ee > aN il 
™ T 15 ; aaah | ; v 


boa ba : 


x7 
‘240 


- ) = 


20 


to the four raw data scores. Statistically speaking, this study 
was designed as a single factor experiment where the adjusted scores 
were considered to be repeated measures. Treatment effects were 
measured relative to the individual who thus was his own control. 
The difference between two observations on the same person depended, 
in part, upon uncontrolled or residual sources of variation. The 
appropriate test used was an F ratio which compared the mean square 
of the treatment effects to the mean square of the residual effects. 
F tests the hypotheses that Ty = T, = T, = Ty and in this study, 


T represented the treatment effects. The verbal hypotheses re- 


stated was that there would be no difference in T. 
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CHAPTER IV 


Treatment 


Natural phenomenon and even the research data quoted 
suggested a more plausible model of muscle contraction and a model 
which was more consistent with the physical laws of nature. It 
hypothesized no difference in the ability of muscle to contract, 
that is, muscle would contract in the same way regardless of the 
method employed. If this were the case, then there were only 
two factors which could account for the apparent differences in 
work output, namely, the quantity of motion and the effect of inertia. 
Since all limb movement in this experiment was angular, all motion 
was necessarily accompanied by acceleration even if the angular 
velocity was uniform in the vertical plane. In addition, all 
movement would be accompanied by a moment of inertia whose effect 
would increase exponentially as the resistance moved away from the 


axis of: rotation. 


It followed from the model proposed that the effective 
strength output of a concentrically contracting muscle had to be 
its maximal strength potential less that eee was needed to provide 
acceleration and that which was needed to overcome the inertial 
effect of the system. During an isometric contraction, the inertial 
component became zero while during an eccentric contraction, the 
inertial influence assisted the muscular effort by resisting the 


downward motion of the resistance. Thus the amount of force which 
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a muscle could sustain eccentrically under identical velocity criteria 


would be more than it would be able to concentrically sustain. 


Since a study of this kind had not been conducted before, the 
mathematical expressions to be used had to be developed. Meriam (1971), 
Plagenhoef (1971), and Slote et al (1963) were useful in this regard. 
The total torque required for each contraction was calculated by summing 
moments of force about the elbow joint. An isometric contraction 
(Figure 6) using a resistance in the form of a dumbell held in the 
hand proved illustrative. Figure 6a illustrated the position of the 
arm while Figure 6b summarized the forces involved. The shoulder and 
elbow joints were assumed to be fixed and the only movement possible 
about the elbow joint "o'' was rotation of the forearm and resistance 


in the vertical plane. 


FIGURE 6 


Isometric Force Diagram 


(a) (b) 


The weight of the arm was congidered to act at the centre of 
gravity of the limb and the summation of moments of force about the 


axis "o" was: 
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The isometric contraction was the simplest to deal with as 
it did not involve motion. The same isometric equation used for 
calculating moments of force where dumbells were utilized was used to 
analyze the dynamometer readings. A small adjustment was necessary, 
however, because the dynamometer recorded the force applied at right 
angles to the lever arm regardless of the angle of flexion of the 
arm. Therefore, the moment of force of the dynamometer reading 
was the reading "R'' times its perpendicular distance from the axis 
which was the distance from the axis of rotation to the point of 
application of torque to the dynamometer. The point of application 


was considered to be-the mid point of the plate which received the 
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distal end of the forearm. The modified equation was written as follows: 


Ms. =m alo Zoi Songer Rr 
aa 


Concentric and eccentric contractions were analyzed with 
the aid of their respective resistive force diagrams contained in 
Figures 7a and 7b. In the case of a concentric contraction, two 
additional forces were added to basic isometric drawing. These two 
were the inertial forces associated with the masses and they were 
labelled Tio and Ta. These same two forces were present in the 
eccentric contractions but their role was reversed; that is, they 


opposed the motion due to gravity rather than the motion due to muscle. 
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FIGURE 7 
Concentric and Eccentric Force Diagrams 


a) Concentric b) Eccentric 


1% mr rg ee 

Meriam (240:1971) has shown that the resultant sum of all 
moments about the centre of mass of an object was the same as Tr 
where I, was the moment of inertia about the centroid and a was the 
angular acceleration. It was also subsequently pointed out that the 
resultant sum: of all moments about a point called the centre of 
percussion was Ia where I was the moment of inertia associated 
with that point and a was the angular acceleration. It was more 
convenient to choose the centre of percussion as the point of 
application of the force mra. Since the centre of percussion was 
a unique point where the resultant moment about the axis of rotation 
was preserved, it was chosen because consideration of the force 
mra was eliminated. Thus, only two pieces of information were 
required in order to solve for the torque producing a movement, 
namely, the angular acceleration of the movement and the moment 


of inertia associated with the centre of percussion of the mass. 


Since two masses were involved in each contraction (the 


arm and resistance), two moments of inertia were required. The 
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details of their calculation have been included in the appendices 


of this report. 


The equation used to solve for the resultant torque of a 
concentric contraction was: 
M =mr mec eed aaeinte is ee 5). 
a a® r’r® ( a ) 
The equation used to solve for the resultant torque of an eccentric 
contraction was: 


M = mrs + mv ig > (I, t I) 
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CHAPTER V 


Results and Analysis 


The raw and adjusted scores obtained during the testing 
process have been presented in Table 3. Inspection of the data 
indicated adjusted concentric scores which were significantly below 
the scores of the other treatment groups. The adjusted eccentric 
scores tended to be greater than their corresponding isometric 
scores. The adjusted scores were subjected to an F test in order to 
determine whether or not the apparent trends were statistically 


significant. 


The statistical foremat used was that found in Winer 
(268:1971). The detailed calculations have been omitted but the 
significant calculations have been included in Table 4. The 
computational procedures used have been listed below as has the 


variance formulae. 


Summary of Computational Procedures Computation of Variance 
G2 
@) == SS = (4) - (1) 
(2) = EEX? SSwithin = (2) CR) 
pT2 
(3) = hat SStreatments = (3) - (1) 
rp2 
(4) = 4- SSresiduay 7 (2)-(3)-(4)+(1) 
Stotal Pi toy ae) 
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TABLE 4 


Statistical Analysis of Adjusted Scores 
(pound feet) 


Subject Witl 2 3 4 TOTAL MEAN 
Conc.) (Iso) (Ecc .) (Dyn.) 

if L5.e2 Gi 19.6 W722 69.2 Lye3 
2 10.6 13.5 T3a4 14.2 See) 12.9 
3 pe es | Zand 249 Ds er Poise 253 
4 26 a> Bo. 5 44.0 eS, P5455 5 38.6 
s, S150 33.9 AS. 2 86.5 146.6 36.6 
6 35.9 40.0 BBVA S' 6 ihre LSGa7 39:52 
r oy oe 26.3 29.6 29.3 102.9 thee | 
2 diag Orgs [97.3 HG 19.4 Lae9 18:2 
3 P26 B05 36.0 Sat 119.9 30.0 
4 28.8 38.6 3841 e719 NU ha 3843 
5 29.6 44.7 44.6 42.4 16123 40.3 
6 2144 40.6 46.5 42.4 156.9 SU Rey 

TOTAL 206063 567-6 AOD ay, S90nu 1446 .9=G 

MEAN 23.9 3056 306 3205 30 


The data compiled in Table 4 was used in the computational 
formulae to compute variances. These calculations have been 


assembled in Table 5 under the heading of Analysis of Variance. 
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TABLE 5 


Analysis of Variance 


Source of Variation Ss Get. iy Mere 

Between subjects 4391 1g? 

Within subjects 1088 36 
Treatment 684 5 228.0 
Residual 404 33 Vee 

Total 5479 47 


The interpolated critical value for the F ratio was: 


F 95 63233) = 2.896 


F = MS reatment = 228.0 = 18.7 


eat) oo 


As a result of the analysis of variance of the treatment scores 
(Table 5), it was found that the value of the F ratio exceeded the 
critical value required for no difference between the treatments. An 
inspection of the data suggested that the difference lay between 
treatment groups (1) and the others. The hypothesis that T9 = T3 = Ty 


was then tested using the following procedure outlined by Winer (268:1971). 
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The critical’ values for the Ff ratio was: > F 05 (2233) = 3.293 


MS 4 
F= treatment _ 13.0 = 1.100 


ores ites 12.2 


The statistical test confirmed that the difference between 
treatments lay between (1) and the remainding groups and that there was 
no statistical difference between groups (2), (3) and (4) at the .05 
confidence level. Thus, the hypothesis of this study was confirmed in 


part. 


The data in group (1) was examined more closely in an attempt 
to determine the reason why the results did not follow the pattern of 
the other groups. A simple t-test was run for each subject at the two 
angles studied. The mean and standard deviation were computed for 
treatments (2)) (3) and&(4). Theyscore for (h) was then tested to see if 
it was statistically different from the mean previously computed. It 
was found that five (5) of the twelve items in group (1) were statistical- 
ly different and of these, four (4) were at an angle 6 of one hundred 
and ten (110) degrees. A chi square test of independance using Yates 
correction for continuity, did not indicate a significant difference 
between the two angles. The probability associated with the distribution 
of differences found in (1) of statistically significant scores was 


“20 = Ds a530; 


The statistically significant scores were examined for a 
common factor which would explain their presence. The scores revealed 
no preference for age, sex or fitness level. However, four (4) of the 


five (5) deviant scores were characterized by negative acceleration. 
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Score (2) was also characterized by negative acceleration but it was 


not found to be statistically significant. 


It was reasoned that a contraction at 6 = 80° should 
experience decreasing acceleration if not de-acceleration. However, 
it was not clear why negative acceleration should occur at 
where acceleration should have been the rule as the elbow joint 
provided an increasing percentage of the force required to support 


the mass and where the resistance lever arm shortened. 


The equation used to adjust the raw scores was then 


re-examined. 


e = + 
=M M morjg + mrig + (I, + Ida 


The equation indicated that the difference between the torque of a 

static contraction and a dynamic one, was the interaction of inertia 

and motion. When "r" was changed, I. also changed. For a given 
resistance, a should, depending upon the angle examined, experience 
positive or negative acceleration. Thus the equation confirmed that 
which was expected. However, what was not expected was the fact that 

the equation would yield a concentric torque which was less than the 
isometric. This situation could not be unless the resistance was moving 
faster than the arm. This result did not make sense because, in the case 


case of the example préviously cited of a concentric contraction 
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ending as an isometric one, it appeared to be nonsense to state that 
the concentric contraction was produced by less torque than the 


subsequent isometric contraction. 


If the foregoing argument was cogent, the reason for the low 
concentric values was either in the mathematical expression of the 
movement or in the application of that expression. In an attempt to 
find a solution to the problem, a model was constructed to simulate 
the movements examined in this study. The apparatus has been illustrated 
in Figure 8. 

FIGURE 8 


Mechanical Analogue of The Forearm 
And It's Flexor Muscles 


| 
F = Mg ae 


Using a constant weight at F, the transformation of a concentric 
contraction into an isometric one was accomplished. A concentric 


contraction, which de-accelerated as it moved through the angle and 


then accelerated, was also duplicated using a constant force F. 


In view of the foregoing, it was concluded that the appli- 


cation of the moment equation and/or its form was incorrect. 
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In summary, the statistical results did not indicate a 
significant difference between the adjusted eccentric and isometric 
values. On the other hand, a difference was found between concentric 
and isometric values. The first result supported the hypothesis while 
the second did not. With regard to the second, it was pointed out 
that the interaction of the data and the mathematical treatment of it 
produced a suspicious result when, during a concentric contraction, 
the movement decelerated. A judgement regarding the results arising 
-out of the concentric contractions must wait for a retest at which 


time a refined methodology will take deceleration into account. 


The results in general should be viewed with caution due to 
the small number of subjects. However, the data does suggest that motion 
plays a significant role in the ability of muscle to contract against 


a resistance. 


In conclusion, the results of this study are inconclusive. 
The lack of a significant difference with regard to the eccentric 
contraction and the large differences found with regard to the concentric 
contractions may be due to chance alone. However, other explanations 


have been put foreward and a repeat of the experiment is warrented. 


2 


~— 
? ia 


FA OS eh oe eakk 

‘phsomesage ub 

ars as moti: ae — ae ao ede ian 
"gue bach va a7 byron ‘bona 


tt 3a haiaiitand ese 


ab Asad ides ‘eal 


= 7 y 


{ 


gnkelss. etfriads 94a gatby 
dohde de Jéng—" Wl qu} vil 


* mes nist rl 
tune ofnt nots sie tee 


od aud healed Sidi, bodsds og ba 
Golem spite thigii: ‘nou Lhdnle: med 5 

yluantent | 

vial SPP | ot alosang 2p tide she | 


rey 


34 


BIBLIOGRAPHY 


PAbbott, B.C., Aubert Qm0IM. PrandoHilTOsAM. 1951. The Absorption of 
Work by a Muscle Stretched During a Single Twitch 
or a Short Tetanus 

Bros. ROY. b00c +.B #1592104 


Abbott, B.C. and Aubert, X.M. 1952. The Absorption of Work by a Muscle 
Stretched During a Single Twitch or a Short Tetanus ° 


Abbotts bs Ca Bighand, eBrenda, and Ritchie, <1.M. 1952... The 
Physiological Cost of Negative Work 
Semabnysiol .4l1 7-380 


Abbott, B.C. and Bigland, B. 1953. The Effects of Force and Speed 
Changes on the Rate of Oxygen Consumption During 
Negative Work 
Jetty Stolen Z207319 


Asmussen, E. 1953. Positive and Negative Work 
Acta Physiol .«Scand.+23:364 


Bigland, B. and Lippold, 0.C.S. 1954. The Relation between Force, 
Velocity and Integrated Electrical Activity in 
Human Muscles 
JoaPhysiol, 123.7404 


poss, W.0. and Karpovich, P.V. 1965s. A*Gomparison of Concentric, 
Eccentric and Isometric Strength of Elbow Flexors 
JzeAppL.ePhysiol. 20:351 


Duggar, B.C. 1962. The Centre of Gravity and Moment of Inertia of 
the Human Body 
Human Factors 4:131 


Fenn, W.0O. and Marsh, B.S. 1935. Muscular Force at Different Speeds 
of Shortening 
BO 3d giao Woy Mego te eae 


Infanti. A.A. et al 1964. Adenosine Triphosphate: Changes in Muscles 
doing Negative Work. 
Science 144:1577 


Kamon, E. 1970. Negative and Positive Work in Climbing a Laddermill. 
3 Bopls Pnysiod . 291 


Kapandji, I. A. 1970. The Physiology of the Joints: Volume Two Upper 
Limb. 
Churchill Livingstone, Edinburgh and London 


Karpovich, P.V. and Karpovich, P. 1969. An Improved Lever Arm for 
an Electric Dynamometer. 
ei Appt. Pieeiol. 277906 


a 


heaqh Soe wget To me eres . 
aan aeidaninint onerae 30 eaihads co Kae 
; aieidcs ce j | 


¥4ot ove saat Win 
mid sia ts 


c 


sayin row 35H not sad oi sil 


it23ae9M0d Bo nosdsgqued A wae Ae i dot . > 
mani’ wadld to alia ar or 7 
Vo. nietend to sae sus Ysivar? to o> 3pinth, eit” .80et ut 5 
| deny "2eataad cot” hee 
ehnegk tos veld sa cose” Penk sea se ne | ett | 
Pee be 
asia gt eegnedo pega | 


Knuttgen, H.G. and Klausen, K. 1971. Oxvgen Debt in Short-term Exercise 
with Concentric and Eccentric Muscle Contractions. 
J. Appl. Physiol. 30:632 


Liberson, W.T. et al, 1962. Brief Repeated Isometric Maximal Exercises: 
An Evaluation by Integrative Electromyography. 
Am. J. Phys. Med. 41:3 


Meriam, J.L. 19/1. Dynamics 
John Wiley & Sons, Inc. Toronto 


Plagenhoef, S. 1971. Patterns of Human Motion: a Cinematographic 
Analysis 
Prentice-Hall Inc. Englewood Cliffs, New Jersey 


Rodgers, K. L. and Berger, R.A. 1974. Motor-unit Involvement and 
Tension during Maximum, Voluntary Concentric, 
Eccentric and Isometric Contractions of the 
Elbow Flexors. 
Medicine and Science in Sports, 6(4): 253 


Singh, M. and Karpovich, P.V. 1966. MIsotonic and Isometric Forces 
of Forearm Flexors and Extensors 
Js, Appl. Physiol. 2122435 


Singh, M. and Karpovich, P.V. 1968... Strength of Forearm Flexors 
and Extensors in Men and Women 
Je, OteAnp a enysial 2502 )cuw 


Slote, L. and Stone, G. 1963. Biomechanical Power Generated by 
Forearm Flexion 
Human Factors 5(5): 443 


Wilkie, D.R. 1949. The Relation Between Force and Velocity in 
Human Muscle 
Je Physiol. 2202249 


Wilkie, D.R. 1956. The Mechanical Properties of Muscle 
Bort, Med. ub 22177 


ao 


ee 


eae nae iy 
abe Sart: 


Peay Via 4; ED | 0 


: ; eT wae 


. a 
ears 


Lee: Sh iced 
7a a 


wert. wit \ePUhtD 
bite trampviownd Jt 2oee 
solyiascGsO qreietiew Qa 
et to anohiossined ahaa 
CES :G0)8 ,a3z098 ah ' 
soared sbitemosl bes atnow 
eons | 


enaadi MISSI0% do dsgnwyae ee 
cand tune, wath ui 
VTL MOSSES 
go hedexdand vows Ino a apeat pa sate te od 
erest0% . 
ent (eve eto3 a8 ee 
a yIisalaV bos sort soawastl ipsa ae 


gamez : % at 1 Mi -y 


sloauk to iene vee tt. 


© ows eae fin i ‘Nth ‘ ds oc | AH) fer 


' 


APs be BON Diag os 


36 


Thue ay iy +) ee bed 
f ” a; a Ye a, 


CENTROIDAL MOMENTS OF INERTIA 


OF THE RESISTANCES 


The resistance used by an individual for a particular 
contraction was an assemblage of seperate resistances which 
collectively formed the dumbell. Each part had its own peculiar 
mass and shape and thus, had its own peculiar moment of inertia 


about its centre of mass. 


In order to calculate the moment of force which imparted 
momentum to a particular resistance, it was necessary to know the 
moment of inertia of the dumbell about its axis of rotation (the 
elbow joint of the subject performing the contraction). The first 
step in this computation was to caleubete the moment of inertia 
of the masses about their centroids. Standard moment of inertia 


formula were used (Meriam:1971). 


Each calculation has been presented in three parts. A 
sectional drawing of each part of the dumbell, the calculation of the 
moment of inertia (I,) and the computations leading up to the inertia 


calculation. 
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BAR 
.0885' 
tC R=-1/2 ae 
re) 
= 1/2 (.1088) (.0442)7 
= .0001 slug feet squared 
Weight: 3.5 pounds 
Mass: .1088 slugs 
COLLAR 
N 
wT 
ra) 
= ew 
| 0677! Weight: .6875 pounds 
4.0469" 
Mass: .0214 slugs 
——— 
.0885' 
I = 3/10MR? - 3/10mr7 ~ 1/2m x2 


-3(.0352)(.1042) - .3(.0096)(.0677)* - .5(.0042) (.0469)° 


.001 slug feet squared 


38 


i" wae Py 


ro) ee 
: « ie ae _- wih - Pf , 
¢ The 


(S090 2 k840 ye. “epee qeen. t+ *csaos, Si 


ally 


| | P pes deat ete 199. 


VOLUME CALCULATION 
H 
LES h 


.1042 


23) 
WW 


H-.0885 


S0677) 


.2526 feet 


Volume = 3/5 R-H - 3/5 aan - sales 

(collar) 
= 3/5 (.1042)°(.2526)-3/5 (.0677)7(.1641) - 
=o 00314 Le cu. Lt. 

Mass density: “mass = 6.8131. slugs, per. cu. ft. 


volume 


MASS CALCULATION 


Object Volume 
Total Cone 005169 
Small Cone .001417 
Cylinder .000611 


Mass of Collar (M-m-m .) 


Mass Density 
ewes Su. 
6.Si38 


6.8131 


Mass 


(.0469)*(.0885) 


0352 
.0096 
0042 


.0214 slugs 
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GRIP 


-1042 _ .0599 
H H-.0521 
Be 005929 go 225 Et. 
0443 
Weight = 1.625 pounds 
Mass = -0505 slugs 
VOLUME CALCULATION 
V cylinder = 2( moh - ay 
= 2[ (.1042)7(.0104) -_ (.0469)7(.0104)] = .000566 
2 2 2 
V cone series /5 R hia 3/5 r ho = or CHAh) 
= 2[3/5 (.1042)*(.1225)-3/5 (.0599)7(.0704)- (.0469)7(.0521) ] 
= .003342 
ea eke 2 
V cylinder = ry - To 
2 2 
S. .975).( 60599 =).0469>) = .001636 


Total Volume 005544 CULet. 


a > tts 


745 8) ie 
} = = 2 
So . 
. 3 an =. 
oe a 

TT ees ee 

~<— i 
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“oo 
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» ea 


18 “oer oa 
( \ 5 a ; N , 
\ ; ian { , 
‘ i ; | ; i. 
~. = = oe a D - 
S eperenntepn indie f 
ui % yr 


E ER i. 
» ae = 4 
" 2. 
it’s - aa - = 3s 
Bes — Eisen | el 
saznoo. = . [¢aoto,) "(oma .- (HO10 «y (Sa0s..) I< « te 
iT 7: 
; ie 
itd -fi) eat es i= d®x ANEit © 
rereeo, > feaas 3 ~(aoT0.9” (eee 204) eAtecestt.s Sewer) a\ejs Ft 
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Mass Density = Mass = .0505 = 9.108 
Volume 005544 
Mass Calculation 
Object Volume x Mass density 
Cylinder -000566 x 9.1089 
Cone A003342509 x 9.1089 
Cylinder ~O0163 67a 9.1089 


Mass of grip (M-m-m _) 


te 
It 


Cylinder a Cone 


kei 
I 


9 


+ 


slugs per cu. ft. 


Mass 
M = .0052 
m = .0304 
m = .0149 
c ee 
.0505 slugs 
Cylinder 


po dineene 5 + ieyiomR-o3/l0mr-21/2mr-] 4 [1/2m,r}-1/2m,r5] 


=1/2(.0064) (.10427)-1/2(.0012) (.04697)+.3(.0456) (.1042°)- 


-3(.0087) (.05997)-.5(.0033) (.04697)+ 


-.5(.0385) (.05997)-.5(.0236) (.0469°) 


= .0002 slug feet squared 
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FOR ONC Biase a deep, (nude: Ye. 


‘ea ehdd. (CACSONIE, nat Sbeso, ) (aco te’ - 


StLVER ee 1/2 


1/2MR° ~ L/2m_x° - L/2m(e5 +r 


ar | 
tl 


= .0038 slug feet squared 
VOLUME CALCULATION 


d(rs -r 


M 
Pe 
s 

I 
R 
= 

! 


Volume 


-006247) cu.ft. 

Mass density : mass + .0886 
Volume 006247 

MASS CALCULATION 

Volume x Mass density 

009423 x 14.1828 

- 000909 md 14.1828 

002267 x 14.1828 


Mass of plate (M-m ,-m) 


2 


1 


) 


Weight: 


Mass 


Z 
1 


Mass 


2.85 pounds 


.0886 slugs 


(26827) (.0417)- (.08337) (.0417)- (.0208) (.2187 


<£356 
-0129 
2052E 


.0886 slugs 


1/2(.1336) (.2682)7 = 1/2(.0129) (.0833)° = dy 2 C.0320)i0. 2187 


Ms 


RS eee 


ee 


= 14.1828 slugs per cubic foot 
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GREEN & BLACK 5 
eS) 1! 


.0104' 


eo 


0573 * 
.0885' Weight: 5.1 pounds 


Mass: -1585 slugs 


Z 


te 
i] 


zZ 2 2 
1/2MR” - 1/2M(r,, 2 ry) - 1/2m.r 


2108857) - 1/2(.0076) (.0573°) 


1/2(.2178) (.30737)-1/2(.0517) (.2531 


.0084 slug feet squared 


VOLUME CALCULATION 


Volume = R-h - 2 d(r5-r}) - nan 


oF pee Sa \snG 05732052) 


(.30737) (.0521)-2 (.0104) (.2531 


FOUL SD CM. gic 


MASS CALCULATION 


Mass density = mass = .1585 = 14.0951 slugs per cubic foot 
volume .011245 

Volume x Mass density = Mass 

015456 x TOOL = M = Nal BF fe: 

003674 oe 14.0951 = m = -0517 

-000537 a 14.0951 = m = 0076 


Mass of plate (M-m-m ) -1585 slugs 
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Weight: 5.175 pounds 


Mass: -1609 slugs 


2 2 2 2 
1/2MR™ - 1/2m r - 1/2m(r,, + ry), 


he 
HT] 


1/2(.1914) (.30737)-1/2(.0055) (.05217)-1/2(.0250) (.23447+.0833-) 


.0082 slug feet squared 


VOLUME CALCULATION 


Volume = R-h - ts - 2 d(r5-rq) 
=I (30734) (.0521)= 105215) (.0521)—2 (0052) (. 2344008335) 
=- 01299 cu. ft. 
Mass density = mass = .1609 = A253004.slugs per cu. ft: 
volume 01299 


MASS CALCULATION 


Volume x Mass density = Mass 

015456 x 12.3864 = M ae en BRS 
000444 4 12.3864 = = .0055 
-002022 x 12.3864 = @ = 0200) 


Mass of Plate (M-m _-m) -1609 slugs 


hs \ irs 
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BLACK 7 71/2 


aromas Levee 
E *.0208' 


Mass: 


Weight: 


7.7562 pound 


-2411 slugs 


S 


I = 1/2MR2 - ise - 1/2m(r5 + o 
= 1/2(.3285) (.34377)-1/2(.0109) (.0625°)-1/2(.0765) (.28127+.1354°) 
= .0156 slug feet squared 
VOLUME CALCULATION 
Volume = R-h = as - 2 d(x} - ri) 
= (.34377)(.0677)- (.06257) (.0677)-2 (.0208) (.28127-.13547) 
= .QOL8442, cu. .fti. 
Mass density: mass = .2411 = .13.0/34"slues per, cu.ft ; 


volume .018442 


MASS CALCULATION 


Volume x Mass density = Mass 

025124 x 3; 0734 = M = 
-000831 x 13.0734 > ty = 
005851 os 13.0734 = m = 


Mass of Plate (M-m_-m) 


s200 
-0109 
-0765 


-2411 slugs 
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SILVER 10 


Weight: 10.1 pounds 


Mass: .3139 slugs 


I = 1/2MR2 ~ 1/2m_ 1° - 1/205 + a) 
= 1/2(.4083) (.41147)-1/2(.0167) (.08337)-1/2(.0777) (.3125°+.16677) 
= .0296 slug feet squared 
VOLUME CALCULATION 
Volume = R-h - oie d(rs - rf) 
= (.4114)(.0677)- (.0833°)(.0677)- (.0312) (.31257-.1667°) 
=ee2U2FO) Onc.) Lb. 
Mass density: mass = .3139 = sLiss4g2eslugs fperscus cet. 


volume -027673 


MASS CALCULATION 


Volume x Mass density = Mass 

035997 x 1133432 = M = .4083 
-001476 x 11.3432 + doegTly = .0167 
006848 * 11.3432 = =o 0077) 


Mass of Plate (M-m -m) OL seals 


i Jaan 
i i i i ais’ ly i 
i i ny ' | 


‘ ae 
v » fo ieee A , ” 
Oo YSAL=! jaaretu 


. ‘sth. vee 
Mat heme te vi ® ste 00; 


Tae’ io i 


“ , 


1 ors 1 4 a0 


| 
Daly 


Ge - 0) b mr: Soe va som ated 


.) S088O. 7A* BeBe. 5 re doe Mi) 
- é ' 


iM 
ee oie: = abe nal 
f ars 0, smiey 


uh S| Vy we pape 
i) wii } 
seul = (cabal a 


AcE TP) EEN Die ke TR 


47 


oOo 


: ti Fy 
a } 
re ie 
ke a o iy 
' LL 
: 
+ ae oi < oe 
iw eal 
; 
q ; 
- ’ ua 
» ey 
at ao os 
L; i 
P i 
>. oO 
ui 7 
pa 
E 4 
’ 
< 


— 
a 


PERSONAL DATA 


Two bits of information were collected from each subject. 
The individuals body weight was taken in pound measure and from 
this information, the mass of the forearm, hand and arm were 
calculated using percentage tables published from the research of 
Dempster (Duggar:1962). The measurement was taken with the 


individual in his or her street clothes but without the shoes. 


The second bit of information taken was the length of the 
arm measured in feet. This measurement actually consisted of the 
addition of two measurements, namely, the length of the forearm 
(from the lateral epicondyle of the humerus to the styloid process 
of the radius) and the length of the clenched hand (from the styloid 
process of the radius to the carpal/metacarpal joint of the clenched 
fist). The hand had to be clenched because that was the position 


it approximated when wrapped around the handle of a dumbell. 


Knowing the length of the forearm and hand, the location 
of the centroid or centre of mass of each limb segment from the axis 
of rotation (the elbow joint) was computed using percentage tables 
published from the research of Dempster (Duggar:1962). The assumption 
had to be made, however, that the location of the centre of mass of 
the clenched fist was the same as when the hand was in the anatomical 


position. 
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Moments of force about the elbow joint were calculated 
where the only two forces acting about the joint were the result 
of the masses of the hand and forearm under the influence of 
gravity. Dividing the result by the total mass of the arm, the 
location of the centre of mass of the arm as a whole 
was computed. This calculation has been shown for each subject. 
The computation of the systems (forearm and hand) centre of mass 
was necessary because the two limbs were considered to be one mass 


in the experimental treatments. 


The moment of inertia of the arm (I) was required as 
well as the radius of gyration because, as explained in the body 
of the report, the resistance was moved from its normal centre of 
mass location to a parallel position through a point called the 
centre of percussion. The radius of gyration (k) about this same 


point was also necessary in order to compute I : 


The relationship between the moment of inertia of a body 

and its radius of gyration was found to be; 

ue 

So) wee a 
b= (1) 

The arm was considered to be a long slender rod whose moment of 
inertia about the centroid was given by the expression; 

ee 


= Q 
T= 7m (2) 


Substituting I, into equation (1), the following centroidal relation- 


ship was derived; 
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The radius of gyration k associated with the centre of percussion 
was calculated from the expression; 
k =/ Ke =f fe 
The moment of inertia of the arm associated with the centre of 
percussion was found using the following expression; 
2 


I=mk 
a a 
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PERSONAL DATA 


~Subject 1 
BODY WEIGHT 105.0000- pounds 
MASS Body 190.00% 3.2639 slugs 
Forearm 1 Oven <Oome 
Hand 0.66% 0215 
Arm 2 237 0728 
LENGTH Forearm we EE. 
Hand (clenched) »2917 
Arm (2%) 1.0834 
CENTROID Forearm (r,) 43.00% of length £3404 sig a 
Hand (x) 51.00% of length plus forearm 9405 
Arm (r.) by summing moments pLye 
a ‘ eae iz mete id mh ih 
r = .0512(.3404) + .0215(.9405) 
. 0728 
= & 57> Hest 
a 
RADIUS OF GYRATION k = 2 = 0834 = ae Ets 
: 1s io 
2 # 
k = ke tr 


eT Le 0 PS ge .6044 ft. 


MOMENT OF INERTIA OF ARM 
I= m,k = .0728(.60447) 


= .0266 slug feet squared 
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PERSONAL DATA 


Subject 2 
BODY WEIGHT 120.5000 lbs. 
MASS Body 100 .00% 3.7457 slugs 
Forearm Lore 0588 
Hand 0.66% .0247 
Arm 25% 0835 
LENGTH Forearm SC OLE Lt. 
Hand (clenched) S291 7 
Arm (2) 1.0834 
CENTROID Forearm (r_) 43.00% of length .3404 ft. 
Hand (r)) 51.00% of length plus forearm 9405 
Arm (cr) by summing moments “Eo 
a , ae 7 ere 4 mh 
r = .0588(.3404) + .0247(.9405) 
3 0835 
r = .5179 feet 
a 


RADIUS OF GYRATION k = /2~ : 1.0834 = .3128 ft. 
3 12 12 
Deere 
k= ko ars 
= .6050 ft. 


=~  .31287 + 251797 


MOMENT OF INERTIA OF ARM 


.0835(.6050°) 


ie am as << 
a a 


ti 


.0306 slug feet squared 
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PERSONAL DATA 


BODY WEIGHT 


MASS Body 
Forearm 
Hand 
Arm 


LENGTH Forearm 


Hand (clenched) 


Arm (%) 


CENTROID Forearm (r,) 


Hand (r) 
Arm (r,) 
™ = Mr = 
Oo a 
fe SS 
a 
i= 
a 


RADIUS OF GYRATION ky 


MOMENT OF INERTIA OF ARM 


je = 
a 


~Subject 3 


100 .00% 


ge 9 
0.667% 
2.23% 


43.00% of length 


51.00% of length plus forearm 


by summing moments 


Rey © tek 


0566. 3683) 4.02887 0245) 


.0804 


-5555 feet 


Ue 3B + 5555 = 


ae = .0804(.6559°) 
a 


EEG. 


ine 
Bes) 5) 


38 


0000 pounds 


-6058 slugs 
0566 
.0238 
0804 


3335 fe. 
- 3750 
- 2083 


2583) Ete. 


0245 


sae Ett. 


65995 fits. 


= .0346 slug feet squared 
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PERSONAL DATA 


~Subject 4 

BODY WEIGHT 157.0000 pounds 
MASS Body 100.00% 4.8803 slugs 

Forearm Lwol* .0766 

Hand 0.66% SO3522 

Arm 2.123% .1088 
LENGTH Forearm vOOZL Lx 

Hand (clenched) 23333 

Arm (2) 1.3652 
CENTROID Forearm (r,) 43.00% of length -3449 ft. 

Hand (r,) 51.00% of length plus forearm Ries 

Arm (r,) by summing moments 5305 


IM = Mr = MT aa mh 


© & £0766(013449) + 032249722) 
: 1088 


5 


r = -5305 feet 


a 
RADIUS OF GYRATION k = Q = 1.1354 = 228 Tt 
. er ye 
12 
k = ko + - 
Oo 
2 p 
= ¥+.3278 + .5305 .6236 ft. 
MOMENT OF INERTIA OF ARM 
+ HR = .1088(.62367) 
a a 


= .0423 slug feet squared 


| 4 hie 

Hence a ae 

. 1) iy we fi ‘ 
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PERSONAL DATA 


~Subject 5 

BODY WEIGHT 160.0000 pounds 
MASS Body 100.002 4.9736 slugs 

Forearm Lote 0781 

Hand 0.66% 0328 

Arm 2.232 .1109 
LENGTH Forearm Sa 2 BE. 

Hand (clenched) .3750 

Arm (*) 1.1882 
CENTROID Forearm @.) 43.00% of length -3497 ft. 

Hand (x) 51.00% of length plus forearm 1.0044 

Arm (r) by summing moments .5433 


M = Mir = mT. oa mr 


r_ = +0781(.3497) + .0328 (1.0044) 
a + ELOD 


rm (5882 fect 


RADIUS OF GYRATION ko e4s0 Ete. 


i 
~~ 
fo 
WW 
eS 
wales 
No} 00 
Oo 
No 
M 


& / 34307 + 54337 = .6425 ft. 


MOMENT OF INERTIA OF ARM 


ee = (E008 668267) 
a a 


= .0458 slug feet squared 
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PERSONAL DATA 


~Subject 6 
BODY WEIGHT 145.0000 pounds 
MASS Body 100.00% . 4.5073 slugs 
Forearm ies Rey .0708 
Hand 0.66% -0297 
Arm 7 IE .1005 
LENGTH Forearm S042 ft. 
Hand (clenched) $3305 
Arm (2) 1.1875 
CENTROID Forearm (r_) 43.00% of length (O07 oenE: 
Hand (r) 51.00% of length plus forearm 1.0242 
Arm (r,) by summing moments .5614 
Outen eather aE aE Tan 
rom 30708.0.3673 as 2. 02970102472) 
: 1005 . 


r = .5614 feet 


= Le Eovios = (SaZ260Res 


RADIUS OF GYRATION ko 


ely .o420 + 56145) = nOD 720. Et. 


MOMENT OF INERTIA OF ARM 


renee ie .1005(.6578°) 
a a 


i! 


.0435 slug feet squared 


a 
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Concentric Dumbell 


Isometric 


Eccentric 


RESISTANCE DATA 


Subject 1 < 
(contractions at 9 = 80 ) 


Weight Mass 


Bar; grip; two collars 6.500 
One green 5 Dal es) 
One silver 2 1/2 2.850 
Total D 14.475 4499 
pouss mk (€.44996x 9554 ) 
i 
c 
Dumbell 
Bar /erip;? two collars 6.500 
One green 5 125 
Two silver 2 1/2 5.700 
Total 1325 “ps jete)s) 
Dumbell 
Bar; grip; two collars 6.500 
One green 5 Sly 4a 
One gold 5 OL iro 
Two black 5 10.200 
Two silver 2 1/2 5.700 
Total S267 Oe s JU Leo 
plus: mk (1.0165x.96192) 


Ty 


4234 slug ft2 


.0005 
.0084 
.0082 
.0168 
.0076 
.0415 
.9405 
.9820 slug ft2 
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RESISTANCE DATA 


Subject 1 
(contractions at 9 = 110°) 


Concentric Dumbell Weight Mass Io 
Bar erip: tworcoldans 6.500 0005 
Two gold 5 LO. 350 .0164 
Total 16.850 -o200 0169 
plus: mk2 (.5238x.94102) 4638 
Ir -4807 slug ft2 


Isometric Dumbell 


Bars, grip; two. collars 6.500 
One green 5 Sie 123 
Three gold 5 L5%525 
Two collars pS) 
Total 252.229 8867 


Eccentric Dumbell 


Bars. grips. twos collars 6.500 .0005 
Twos black, 72 1/2 PES cae 7. 0512 
Two black 5 LO 200 .0168 
One silver 2 1/2 2.050 .0038 
Total 35.062 1.0899 0525 
plus: mk2 (1.0899x.96572) 1.0525 


Te 1.1048 slug ft? 
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RESISTANCE DATA 


Subject 2 
(contractions at 9 = 80°) 
Concentric Dumbell Weight Mass iS 
Bar; grip; two collars 6.500 0005 
One silver 2 1/2 2.850 .0038 
Two collars Lavo 0002 
Total 103725 ~ 3334 .0045 
plus: mk2 (.3334x.94762) 2994 
ji 3039 slug ft 
Isometric Dumbell 
Bar; grip; two collars 6.500 
Evo silver 2 1/2 5.700 
One collar .687 
Total 12 Oa7 4006 
Eccentric Dumbell 
Bar; grip; two collars 6.500 0005 
Two black 5 10.200 0168 
Total 16.700 5191 0173 
plus: mk2 (.5191x.95812) 4764 


Ir .4937 slug ft2 
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RESISTANCE DATA 


Subject 2 


(contractions at 6 = 110°) 


Concentric Dumbell 


Isometric 


Eccentric 


Bar; grip; two collars 
Two gold 5 

Total 

plus: mk? (.5238x.95752) 
Tr 


Dumbell 


Bats grip. two. COPpraus 
Two gold 5 

One Sitver 2 1/2 

One collar 

Total 


Dumbell 


Bar; grip; two collars 
Two black 7 1/2 

Two silver 2 1/2 

Tota 

plus: mk2 (.8614x.96442) 


Ty 


> 


oa 


Mass 


“Oooo 


8614 


61 


4971 slug £t2 


.0005 
0312 
0076 
0393 
8012 
8405 slug ft2 
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RESISTANCE DATA 


Subject 3 
(contractions at § 
Concentric Dumbell Weight 
Bary orip; two collars 6.500 
Two gold 5 LO 3330 
Total 16.850 
plus: mk? (.5238x1.04012) 
Ir 
Isometric Dumbell 
Bar; grip; two collars 6.500 
Two gold 5 10.350 
Two silver 2 1/2 S700 
Totar* 222550 
Eccentric Dumbell 
Bar; "grip; two collars 6.500 
Two gold 5 103350 
Two black 5 10.200 
One silver 2 1/2 2.850 
Total 29.900 


plus: mk2 (.9294x1.04402) 


I, 


= 80°) 


Mass 


.5238 


010 


~9294 


62 


i) 


.0005 
.0164 
.0169 
- 5666 
.5835 slug ft? 


-0005 
.0164 
.0168 
.0038 
20375 
LA0TS0 


1.0505 slug ft 


7 v) “¢ - 


od 


RESISTANCE DATA 


Subject 3 M 
(contractions at 9 = 110 ) 


Concentric Dumbell Weight Mass Io 
Bar; grip; two collars 6.500 0005 
Two gold 5 10,350 0164 
Two silver 2 1/2 5.700 .0076 
Total 22.550 .7010 0245 
plus: mk? (.7010x1.04142) 7602 
Ie 7847 slug ft 


Isometric Dumbell 


Bar; grip; two collars 6.500 
Three gold 5 15.20 
One green 5 5 425 
One sidver'2 1/2 2,050 
Total 30.000 w9325 


Eccentric Dumbell 


Bar; grip; two collars 6.500 0005 
Two black 7 1/2 PSE 512 -0312 
Two gold 5 105350 0164 
One green 5 D 8225 0084 
Total $7,487 1.1653 0565 
plus: mk? (1.1653x1.04792) 1.2796 
I 1.3361 slug ft2 


15 


RESISTANCE DATA 


Concentric Dumbell 


Isometric 


Eccentric 


Subject 4 
(contractions at 6 = 80°) 

Weight 
Bary erip;s” twor collars 6.500 
Two black 7 1/2 U5... 582 
Two: silver 2 1/2 5.700 
Two collars TEPC 9) 
Total 29.087 
plus: mk2 (.9042x.99437) 
I, 
Dumbell 
Ban; grips twojcollars 6.500 
Two black 7 1/2 15502 
One green 5 Dx Z5 
One gold 5 els o 
Two. silver 2 1/2 53700 
Two collars Whigs Os) 
Total 39.387 
Dumbell 
Baryigrip; two collars 6.500 
Four black 7 1/2 310,024 
One gold 5 wha fs) 
One silver 2 1/2 2.850 
One collar .687 
Total 4622360 


plus: mk? (1.4372x.99717) 


Ty 


Mass Io 
.0005 
.0312 
.0076 
0002 
0395 
8939 
.9334 slug £t2 


~9042 


We2283 


.0005 
.0624 
.0082 
.0038 
.0001 
.0750 
1.4289 
1.5039 slug ft2 
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RESISTANCE DATA 


Subject 4 
(contractions at 9 = 110°) 
Concentric Dumbell Weight Mass Io 
Bars” orins two"colilars 6.500 0005 
Two black 7 1/2 1>.512 «O512 
Two gold 5 10.350 0164 
Total 32,362. .1.0060 0481 
plus: mk2 (1.0060x.99552) .9970 
3 1.0451 slug ft? 
Isometric Dumbell 
Bar; grip; two collars 6.500 
Fourgep Lacke/sl//2 31.024 
One silver 2 1/2 2.850 
Total 40.374 14.2550 
Eccentric Dumbell 
Bar: erip; two collars 6.500 «9005 
Bourmiblack 7.1/2 31.024 .0624 
Two gold 5 10.350 0164 
Two silver 2 1/2 3.400 .0076 
Total 53.074 1.6653 .0869 
plus: mk? (1.6653x.99772) 1.6576 


Le 1.7445 slug ft 


Fi ; 7 a 
ss Ebedau® skyaasaatl 
eee 
evel Deo: ws. ppt 774 
| S\f 9 aeald 1 Si y 
re 2 biog owl / 
Shr) 4 ‘gevlle owt us 
: Laced i, it 
neeaa LY Se Paulie 


RESISTANCE DATA 


Subject 5 
(contractions at 6 = 809) 
Concentric Dumbell Weight Mass Io 
Bar; grip; two collars 6.500 0005 
wor backs) bro 1h Se 0312 
One green 5 Ws i98) 0084 
Total ZT eo 8435 0401 
plus: mk2 (.8435x1.02782) 8910 
fie 9311 slug ft2 
Isometric Dumbell 
Bbany erip, two collars 6.500 
Two black 7 1/2 ES O22 
One green 5 Pl ofa, 
One gold 5 pel dle 
Total 32.082 ie 0044 
Eccentric Dumbell : 
Bar, rip; two collars 6.500 .0005 
Two black 7 1/2 15 be 0802 
Two silver 10 20.200 20392 
One gold 5 Bd als 0082 
One green 5 sd dg, 0084 
Total 52ear2 1.6823 21075 
plus: mk2 (1.6323x1.03672) 1.7543 


posal 1.8618 slug ft? 
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RESISTANCE DATA 


Subject 5 
(contractions at 6 = 110°) 


Concentric Dumbell Weight Mass 1 
Bar; grip; two collars 6.500 .0005 
two ibtack 7 ‘1/2 15 De 40312 
One gold 5 5 I 0082 
Total D 27 AS/ 8451 s0399 
plus: mk” (.8451x1.02767) 8924 
ie “,9323 slug ft? 


Isometric Dumbell 


Bar; grip; two collars 6.500 
Two (black 7 1/2 1D). 
Two gold 5 iD 50 
One green 5 Dita 
One black 5 5.100 
One silver 2 1/2 2.850 
Total 45.437 1.4124 


Eccentric Dumbell 


Bax Sieedpss two collars 6.500 -0005 
ffwo wbiliack 7? 1/2 1) oe .0312 
Two silver 10 20.200 0592 
One green 5 Sg Wide: 0084 
One gold 5 oe ee) 0082 
Total 522510 er 6a23 1075 
plus: mk? (1.6323x1.03672) 1.7395 


rE 1.8618 slug ft2 
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RESISTANCE DATA 


Concentric Dumbell 


Isometric 


Eccentric 


Subject 6 
(contractions at 6 = 80°) 

Weight 
Bats grip; two <oLlars 6.500 
Two: black 7 1/2 L551 
Two black 5 10.200 
Total 32.212 
plus: mk2 (1.0013x1.04762) 
Ir 
Dumbell 
Bar; grip; two collars 6.500 
Two black 7 1/2 15)..54-2 
Two black 5 16.200 
Two: silver 2: 1/2 5.700 
Totaw SP GL2 
Dumbell 
Bar; grip; two collars 6.500 
Four black 7 1/2 31.024 
Two black 5 10.200 
Two silver 2 1/2 5.700 
Total 53.424 


plus: mk? (1.6607x1.04952) 
Ty 


Mass 


ok 785 


1.6607 


1.1474 slug ft2 


.0005 
0624 
.0168 
.0076 
0873 
1.8292 
1.9165 slug ft 
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RESISTANCE DATA 


Subject 6 
(contractions at 9 = 110°) 


Concentric Dumbell Weight Mass i 
Bar; grip; two collars 6.500 0005 
Twooplackiy <L/ 2 iol 70312 
One green 5 a | 0084 
One black 5 5.100 -0084 
Total S22 OO LE 0485 
plus: mk? (1.0021x1.04572) 1.0958 
I 1.1443 slug ft2 


TS 


Isometric Dumbell 


Bar; grip; two collars 6.500 
Four black 7 1/2 323024 
One: silver 27:1/2 ZEO50 
Total 40.374 pp aay) 


Eccentric Dumbell 


Bar; grip; two collars 6.500 0005 
Four black 7 1/2 31.024 .0624 
Two black 5 10.200 0168 
Two silver 2.1/2 5.700 .0076 
Total 58.024 1.6607 0873 
plus: mk? (1.6607x1.04952) 1.8292 
I 1.9165 slug ft2 
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ANGULAR ACCELERATION DETERMINATION 


Two resistances were moved through two angles of flexion. 
A Vangard film analyzer containing an X and Y axis was used to 
record Y co-ordinates every five frames as the resistance moved 
through an angle under review. Seven measurements were taken and 
by computing the differences between them, the distance (Y) 
traversed by the centre of the resistance was computed. Since 
each frame equalled a time span of point one (.01) seconds, the 
velocity ae) of the centre along the Y axis could be calculated. 
In order to minimize errors in measurement, Y was converted to a 
moving average (Y) of three successive points and it was this 


distance which was used to compute ae 


Acceleration (a) along the Y co-ordinate was computed by 
dividing the change of time into the change of velocity over a ten 
(10) frame period. The acceleration tangent to the arm (a,) was 
calculated by dividing ee by angle which the forearm made with the 


angle of reference. 
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ANGULAR ACCELERATION DETERMINATION 
(contractions at 6 = 80°) 


Subject 1 
CONCENTRIC DUMBELL 
Y AY AY Vv 
y 

1959 a = “Yy = 1520 - 1220 

2013 54 Ale hea 10 

2074 61 Gi ee 

2143 69 po 1880 = 3000 units = 1.290 ft/sec? 

2219 76 pear 85910 . 

2293. wale | a = *y =1.290 = 1.310 ft/sec* 

= = 28 . 
2361 e Sine singe 
ae yi 
Angular acceleration: a 1.393 rad/sec* 
ECCENTRIC DUMBELL 
"4 AY AY Vv 
y 

2653 a = “Vy =5640 - 3160 
2553 100 Y de TO 
2395 158 158 3160 
218@ 205 206. “4320 = 24,800 units = 10.664 ft/sec2 
1905 275 281 5620 
1552 353 a 


a= y =10.664 


ae) ape ft/sec? 


is) 


wis 
re 


Angular acceleration: a= = 114.518 ae 
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" eee ve a 
*com\s2 OFF. f © 02S. « Y = os iw " 
on Ba bis take Ms : a) (ae 


S Lo Whee O88, 2 ~% pag | t eodsweelnoos delagak 4 
“ | ae 4 ie. my 


Te ag 


avi i 


e 5 7h 
; ie vA 
Noll ~~ Gee » " 
a! as e Os 
. Wile és82f stl 
-oge 23. bO6.0L © e2fen 008,45 « Oe » Off 


See as ar r 


 Suce\ ed. BOR DE on roe 


Sahin biz. 12 


ih 
ey 


; ye, a ick jie 


ANGULAR ACCELERATION DETERMINATION 
(contractions at 9 = 110°) 


Subject 1 
CONCENTRIC DUMBELL 
6 AY AY Vv 
Zz 
2370 airte Avy = 3240 - 2560 
2675% 103 y At “10 
2506 133 128 2560 9 
2635 147 4? 2940 = 6800 units = 2.924 ft/sec 
2805 162 £62 3240 
2963 158 die eae Sea | we. 2 
3118 t AEG Sewn: = 3.116 ft/sec 
a. ‘< 
Angular acceleration: ae a 3.313 rad/sec* 
+ 
ECCENTRIC DUMBELL 
Y AY AY Vv 
by 
2987 i. = Pie = a2e20u-s2080 
2884 103 yi" oes 10 
2768 PG 114 2280 5 
2646 122 126 eo Al = 5400°units = 2.322 ft/sec 
2507 139 141 2820 
2346 161 ah Batted : 
a iy re ie Joa a= = iz 
t aaa eiaeoe Ze tet lek) pec 
a. A 
Angular acceleration: oer 2.627 rad/sec“ 


73 


c rE, 2 
“wows? 8bt.f < | Seiee oe 


HAZ> - GREE. x ov if , 
= a 


ener e18.2 = etinu SOG s 


“Ante 6 Riga. 


‘ 
“ * 
Ssga\buy ELEVE » far 


oy 


2% et geataso ous 


oer ee i 


* ’ 
saver 0: 
v | a 2 
, wh 
O8S> = OS82 « “5 
. aT. a fot 
: ones. S22 ant 
“sea\9 SSE.0 & patos CONE » OSes" @82L. =SSt 


OSs far eet 


“gam 22 15h0S lh iggbeage” ee" 3* 


‘pee \har $00.5. a fi ae 2 ald Pmotse3alesoe 


ee ane 


il 


; ) AA j 
is a] his Cee ay : : 
oe er wee) ae 


ANGULAR ACCELERATION DETERMINATION 
(contractions at 6 = 80°) 
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Subject 2 
CONCENTRIC DUMBELL 
Y AY AY Vv 
y 
1319 = Vy = 2260 - 2680 
tse 5 128 Ye cr aaa 
1590 143 134 2680 ; 
1720, 130 128-2560 = -4200 units = -1.806 ft/sec” 
1880 112 Ded 2260 
1930 100 a= “y = = -1.834 ft/sec? 
-1.806 ‘ se 
2013 SSeS? 
a 
Angular acceleration: a = ce - 1.950 rad/sec2 
ECCENTRIC DUMBELL 
Y AY AY. v 
y 
2435 iy Vie 
9941 94 4 = ise "a 
2219 IZ 119 2380 : 
2078 141 143 2860 Pinas 2 
1912 166 163 3260 = 8800 units = 3.784 ft/sec 
1730 Loz 2 
1578 Bk eeu Soticochemed y) 
sind s1a80° = 3.842 Eee | 
as 2 
Angular acceleration: Mat ake 4.085 rad/sec 
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ANGULAR ACCELERATION DETERMINATION 
(contractions at 6 = 110° 


Subject 2 
CONCENTRIC DUMBELL 
¥ Ay AY Vv 
y 
Av 
2768 : ay oi op ay 1420 - 1140 
2823 5D At a0 


pol 60) 62 FD = Zadomiaitel= 1 DO td feee- 
3010 70 71 1420 3 
3092 82 alin “vive Pigs 
3167 t gins get 
ae 2 
Angular acceleration: On a £.280 rad/sec 
ECCENTRIC DUMBELL 
Y AY AY Vv 
y 
3553 . dV 
a. # oy = 2984660')2.9460 
3474 79 ye 7 SG 


S501 125 123 2460 
3185 L606 173. 3460 


2 
24 i = 9, f 
2956 229 233 4,660 22000 units 9.46 ft/sec 


2652 304 he 
2266 a = Ay = Jodo ley 4 2 
| sre: siny0° 10.067 ft/sec 


a 
Angular acceleration: Cy = a = 10.704 rad/sec 
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ANGULAR ACCELERATION DETERMINATION 


(contractions at a 


Subject 3 
CONCENTRIC DUMBELL 
¥ AY AY o 
y 
1995 
2062 67 
Pa Wi 91 
2160 Ny 140 
2299 99 1980 
2366 107 
2474 
ae 
Angular acceleration: os 
ECCENTRIC DUMBELL 
Y AY AY Vv 
>f 
2282 
2140 142 
1978 162 159 3180 
1804 174 13t 3620 
1598 206 199 3980 
1380 218 
1134 


“ee 
ct 


= 80°) 
\ 
Av 

a = Yy =1980 - 140 

y At - LO 

= 18,000 units = 7.912 ft/sec? 

given’! Fy iatysot) , 

t Snot aah 39078 +934 ft/sec“ 


7.842 rad/sec2 


a_= ‘Yy = 3980 - 3180 
Y kt -10 
= 8000 units = 3.440 ft/sec? 
a= = = 36440 e=3 .493 ft/sec2 
tt eS = 
siné sin80 


3.409 rad/sec2 


Those ihe, Tm satay OEE. a ok ah a 


Gs aaleiinngis tgs Seeeee rae * et ea 
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ANGULAR ACCELERATION DETERMINATION 


(contractions at 9 


CONCENTRIC DUMBELL 


ed AY 
3142 
3215 yet 
3295 82 
3366 #1 
3423 oh 
3008 78 
3579 


ECCENTRIC DUMBELL 


¥ AY 
3344 
3314 26 
3269 49 
3219 50 
3161 58 
3108 33 
3055 


Subject 3 
Vv 
y 
1500 
1400 
1380 
ints 
E 


Angular acceleration: 


110") 
a= ely 1380 = 11500 
Y it -10 
=1200 units= -.516 ft/sec2 
= @ ee = Z 
a = vy = -.,516 = .549 ft/sec 
sind sin70° 
= -,536 rad/sec2 


e840 
Y kt [40 


= 2400 units = 1.032 Pilodos 


a 
at pmactays ig ROS? | a S Lager 2 
t Sine sin 70° 1.098 ft/sec 


ae 2 
ae 1.072 rad/sec 


ong. = 968, ss é 


‘yq@\ 33 O4te- Masta as « 


t } \ 


é ; 6 
*ope\t2 GE, = O12- = x 8 
a he" 
ty ri 

eee, a 

Mie 

San \ haw BORLA + E. it ta raogaretengs wabygek 
a F a | 


‘eh 
O66. - DS0L. = yo ms 
“OE; tA ¥" 
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: | ies y RR 
> sepa? 620.0 © 2aten 6040 , x. 2 ze 
mee 

re a a - 


* esi 800.5 4 & 
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ANGULAR ACCELERATION DETERMINATION 


(contractions at 9 


Subject 4 
CONCENTRIC DUMBBELL 
¥ AY. AY Vv 
¥ 
212 
1420 208 
1613 193 193 3860 
1791 178 176 3520 
1949 158 157 3140 
2084 135 
2200 
re 
Angular acceleration: oF == 
ECCENTRIC DUMBELL 
¥ AY AY Vv 
b 
1956 
1818 138 
1665 hse 150 3000 
1506 159 158 3160 
1343 163 165 3300 
1169 174 
990 
ce 


a 


Angular acceleration: 


De 


= 809) 
a7 AV, = 3140 - 3860 
At “10 


-~3.096 ft/sec? 


= -7200 units 


a= “y = =3.096 = ~3.144 ft/sec? 
sind sin80 


i236 rad/sec2 


i. * Av, = 3300 - 3000 
At “10 ’ 


1290ufE/eer 


= 3000 units 


=k. 200 1.310 ft/sec? 


sin80° 


1.348 rad/sec2 
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ANGULAR ACCELERATION DETERMINATION 
(contractions at 6 = 110°) 


CONCENTRIC DUMBELL 


bs AY 
ZhL> 
2814 99 
2900 86 
290 /, 67 
3018 SL 
3029 61 
3144 


Angular acceleration: 


ECCENTRIC DUMBELL 


x AY 
sieyalt 
3361 140 
3195 (193 
2760, 213 
2738 242 
2433 305 
2106 


Angular acceleration: 


79 


Subject 4 
V 
y 
a = Yy = 1200 - 1680 
Y it ~10 
1680 
1360 = -4800 units = -2.064 ft/sec2 
1200 
a 2) 
a= y= -2.064 = -2.196 ft/sec¢ 
c sind sin70° 
a 
ome yr 2.259 rad/sec2 
V 
y 
rN 
= gaye = STOOUREICOO 
Y it 71 ; 
3600 
4280 = 15000 units = 6.450 ft/sec2 
5100 
a = *9. = 6.450. = 6:864 £t/sec2 
sind sin70° 


ja) 


a=-—- = 7.061 rad/sec2 


“opa\s? Add, S—"™ eee ODay = 


Sosa \od O0L,8- = oa _ * 


5g ii 
14 a 
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ANGULAR ACCELERATION DETERMINATION 
(contractions at 6 = 80°) 


Subject 5 
CONCENTRIC DUMBELL 
Y Vol g Vv 
y 
843 Ay. 
ae = 5180 - 4640 
1065 222 : yy Se 
1296 231 232 4640 ‘ 
1538 242 241 4820 i ee 2 
1789 251 295 5180 5400 units = 2.322 ft/sec 
2073 284 a Z 
| a. = "yy 32.1922 w=) 20058? ft/sec 
eee ¢ Bind ‘sin80° 
Fe 
Angular acceleration: OT EF 2.348 rad/sec2 
ECCENTRIC DUMBELL 
4 AY AY Vv 
y 
2242 a eles, 25400 = 4600 
2113 129 yO gee eee ce 
1971 142 139 4633 
1824 147 151 5033 = 427-783. units = 5,497 ney 
1659 165 Lez 5400 
1484 17 5 te 9 
1300 a, 4 7 = 5.497 = 5.582 ft/sec 


siné sin80° 


Angular acceleration: fo} -— = §.552 xadicece 


“soa\s) £86,8 = whkau ante 


"ane \ aa ik ee ae i 


| Raman end < 2 eben mama 


/ i 1 oi 


oom ai 03,8 = eiino £60, $i & 
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ANGULAR ACCELERATION DETERMINATION 
(contractions at 6 = 110°) 


Subject 5 
CONCENTRIC DUMBELL 
Y AY AY v 

y 
2850 a = Yy =4480 - 4000 
402%. EI ae an 
4930. 208  200- 4060 
3449 219 217 4340 = 4800 units = 2.064 ft/sec2 
3679 230 ~224 4480 
3902; 223 | a = *y =2.064 = 2.196 ft/sec? 

‘. se See 
4132 £ sind sin70° 
ao 
Angular acceleration: a lag = 2.186 rad/sec* 
ECCENTRIC DUMBELL 
¥ AY AY Vv 
y 
A 
3261 a = we =o = 1238 
Soe | 43 Y kt 06 
3190 38 aa, G83 
3150 40 43 1433 = W7aRhind es >. F4 Aet fader 
3100 50 51 1700 
3036 64 a 2 
5076 a = “y = 3.347) = 3.562) ft/sec 
siné sin70° 
a 


Angular acceleration: oO == = 3.546 rad/sec2 
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ANGULAR ACCELERATION DETERMINATION 
(contractions at 6 = 80°) 


82 


376 ft/sec? 


14 397, ft/sec2 


6.364 ft/sec2 


6.462 ft/sec 


Subject 6 
CONCENTRIC DUMBELL 
v6 AY AY Vv 
y 
1404 a = ‘Yy = 2520 - 2200 
1504 100 sf At Aw 
1608 104 110 2200 
1735 17 119 2380 = 3200 units = l. 
1861 126 126 2520 
1985 124 a 
a= gy ede 376)= 
2105 . sind sin80° 
ae 
Angular acceleration: he eee 1.364 rad/sec2 
ECCENTRIC DUMBELL 
4 AY AY Vv 
7 
2710 a = “Vy = 4320 - 2840 
2596 114 Y kt .10 
2a5 1. 145 142 2840 
2284 167 176 3520 = 14,800 units = 
2067 Zl 216 4320 
1804 263 a 
1486 2. = 9, G4 = 


sind sin80° 


a 
Angular acceleration: a = — = 6.309 rad/sec? 


’ , . ay 
‘ae 4} ¢ Pa 
es ve * ne ai 
aan f 7 aa" 
* - } 
7 i ras 
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ANGULAR ACCELERATION DETERMINATION 
(contractions at-6 = 110°) 


4.300 ft/sec2 


4.576 ft/sec 


BRI Gs ft/sec? 


3.432 ft/sec? 


Subject 6 
CONCENTRIC DUMBELL 
Y AYA MURA Ye Vv 
y 
2705 a = Vy = 3000 - 4000 
PO1GsenD1h Yi oane a ae 
3116 197 200 4000 
3305 189 179 3580 = -10,000 units 
3456 Lot 150 3000 
3566 110 a= a ae 
= Yoao -4.300 
3661 * 3in@ sin70° 
a 
Angular acceleration: a = Feta -4.468 rad/sec2 
ECCENTRIC DUMBELL 
Y AY AY Vv 
y 
3180 ae eye eerie 50 
Vaan 1450 oye snes 
3118 33 1650 ; 
3083. 35 1750 Bena ae 
3047 
2 ay = 3.22 
a. me moSiee 
sin@  sin70° 
a, 3 
Angular acceleration: eee 3,352 rad/sec 
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MOMENT CALCULATIONS 
(contractions at 6= 80°) 


Subject 1 


CONCENTRIC DUMBELL 


=M 


bs (mir. + mr )32.1/7sind + (I, + I .)o 


=» [.0/28¢.51/72). + .4499(.9405) ]32.17sin80° + 
€.2/23) 0.393 


= 15.2 peund feet 


ISOMETRIC DUMBELL 


a4 


Ger. + mur .y 32al7 sing 
aa re 
= [.0728(.5172) + .5385(.9405) ]32.17sin80° 


= 17.2 pound feet 


ECCENTRIC DUMBELL 
= ; F i ed + 
=M (mr. + mx )32 17siné (I, Ta 


oO 


= [..0728(.5172) + 1.0165(.9405)]32.17sin80° - 
(1.0299)11.513 


= 19.6 pound feet 


ISOMETRIC WITH DYNAMOMETER 


IM = mr_ sind (32.17) + Br 
(8) aa 


.0728(.5172)sin80° (32.17) + 27.474(. 5833) 


= 17.2 pound feet 


- + un roe r 
es a it 


Ora . 7 


aT 4 b+ uatzatt, 


+ Géatats. SEP ceowe, “bate, + tered, renaaiy . 
cee. SCLIN) | 


: “ Sae2 Beyeg es Ms aa 


ont EAE Cage % a0 


WMBarets. SEL (EGO. VERER. > sea. re 
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af, save ofa 
2B A ‘ ~~ F i, as ; Rs Ji = a 
ee i SA ph a 


~ *OSatete. Se( (200. \2Alast + (Otte. )eRtoy a 
bie. Lic¢eeseo. i} 


Jest bawey 9.8L “ 


om # (82.82) one oe = Pas) 
(KERR. YEARS amare ae, -_— 


1TH @ i (i : ’ 


CONCENTRIC DUMBELL 


<M 
fo) 


ISOMETRIC DUMBELL 


ECCENTRIC DUMBELL 


~My 
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MOMENT CALCULATIONS ae 
(contractions at 6= 110 ) 


Subject 1 


(ne re er PB 2 isin’ = Ch 4 7 a 
aga cer a 5 


[.0728(.5172) + .5238(.9405)]32.17sin70° + 
Csi oS 


17.7 pound feet 


(mn. ym r-) 324, sing 
aa rer . 
[ G07 28) (.517 2) 44 48867 9405) 132<17sin70° 


26.3 pound feet 


(mir. + mr )32.1/sin6 2" (I, + Td 


[ .0728(.5172) + 1.1048(.9405)]32.17sin70° - 
(1.1314)2.627 


29.6 pound feet 


ISOMETRIC WITH DYNAMOMETER 


=M 


mr sind (32.17) + Rr 
aa ‘ 


.0728 (.5172) sin70° (32.17) + 42:260(.6667) 


29.3 pound feet 


+ %Xnsat se, eo i 


Eff  £€CTOR.) 


y ‘ , 7 
Gate Tie Lae ta 


OnGabats, 26( (2088.3 (RR. + COREE RED) 


fd 
. shh aay €.08| 


wt tt 2) + Gaieel Seg at eth gt | 


~ "Otptal titel (eee yBAOL ws te (Q0ER-) ESE. 9 
20, C( ALEL, 1 
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nissemonaane erry! oF 
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Sand. Dan 08 * 


MOMENT CALCULATIONS 
(contractions at 6=80°) 


Subject 2 


CONCENTRIC DUMBELL 


= P ino F CE. +E ja 
=M | (mor. + mr .)32 17sin ( e - 


=. [{70855¢:5179) + .3334(.9405) ]32.17sin80° + 
(33343).1.5950 


= 10.6 pound feet 


ISOMETRIC DUMBELL 
= @ ee. Hoe ee )) 32.07 sang 
fe) ai a | ch 6 
= [.0835(.5179) + .4006(.9405)]32.17sin80° 


= 13.3 pound feet 


ECCENTRIC DUMBELL 


IM = (mr tmr 132. LAsind = ( +2 >a 
O aa Pe a e 


{ .0835.¢.5179) + .51916€.9405)]32.17isin80° - 
(.8418)4.085 


13.4 pound feet 


ISOMETRIC WITH DYNAMOMETER 


BMG. (°@: Mere. sind: C2007). + ke 
fe) aa 


0835 (.5179)sin80° (32.17) + 21.270(.6042) 


14.2 pound feet 
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MOMENT CALCULATIONS 
(contractions at 6= 110°) 


“Subject 2 


CONCENTRIC DUMBELL 


IM = (mr +m_r_)32.17sin6é + (I +1 _)a 
fe) aaa rx a r 


= |..0835(.5179) + .52380.9405)132217sin70° + 
: (5277) 10862 


= 16.9 pound feet 


ISOMETRIC DUMBELL 


<M 
fe) 


(mr +mr_) 32.17 sind 
aa ae 
= {..0835(.5179) + «6337. 9405) ]32417sin70° 


= 19.3 pound feet 


ECCENTRIC DUMBELL 


ss ‘s ind - (1. +1 
mM | (mr. + mr .)32 l7sin ( s ke 


[.0835(.5179) + .8614(.9405)]32.17sin70° - 
(.8711)10.704 


16.5 pound feet 


ISOMETRIC WITH DYNAMOMETER 


iM = mer sind (32.17) + Br 
fe) aa 


= 0835(.5179) Sin70° (32147) + 261.5270.6823) 


= 19.4 pound feet 
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cde 1 G0tS2.) 


dara T1258 t ate 


oncnkwth sel egee. Nees. + RUE 


ef Pte 7) «~ Be ak ra Ky: * w . 
P . Gebel sh. SEC a is 4) J 


- tapets. ori (20a, orem: » (due, )eeeO. j= 
HOT OLX 1256,. 


g082 bog 2192 fron 
a +t hehe eg 

(ESM. )TLE.aS + (0, $6) Pome tee, 8680. . 
toad baste Bet > 


MOMENT CALCULATIONS 
(contractions at 8= 80°) 


“Subject 3 


CONCENTRIC DUMBELL 


= .17sind + +1 
mM | (mir + mor )32 17sin (I, mere 


= [.0804(.5555) + .5238(1.0245) ]32.17sin80~ 2 
(.6181)7.842 


= 23.3 pound feet 


ISOMETRIC DUMBELL 
iM = (mor. + mr.) 32317 sing 
aa er 
= [.0804(.5555) + .7010(1.0245) ]32.17sin80°9 


= 24.2 pound feet 


ECCENTRIC DUMBELL 


= ; ing: — (CE . + fT 
iM | (mr. + mv )32 17sin ( s le 


= [.0804(.5555) + .9294(1.0245)]32.17sin80° - 
(1.0851)3.409 


= 27.9 pound feet 


ISOMETRIC WITH DYNAMOMETER 


iM =< wy. sin? G2Z-17) + kz 
° ar a 


:0804 CG 5555) Sind0° (32°47) +'342564 C7035) 


25.7 pound feet 
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MOMENT CALCULATIONS 
(contractions at @= 110°) 


Subject 3 
CONCENTRIC DUMBELL 
a mt nh ee PF oF 32. /eie ee L, + ie 
fe) aa aah a r 


= [.0804(.5555) + .7010(1.0245)]32.17sin70° + 
e (.8193) .536 


= 22.6 pound feet 


ISOMETRIC DUMBELL 
iM = (@.f. + mF.) 32.19 “sige 
“6 aa rer 
= 1.0804(.5555) + (932542.0225) 132817singo? 


= 30.2 pound feet 


ECCENTRIC DUMBELL 


IM = @r. Fmt. )32ei7sind = 41. + faa 
fo) Ee | 1a a c 


[.0804(.5555) + 1.1653(1.0245)]32.17sin70° - 
Ges 7 07) 01072 


36.0 pound feet 


ISOMETRIC WITH DYNAMOMETER 


=M mr. Sine (2017) © kr 
Oo aa 


a (0804625555) sin70° (32-17) F 402767¢.7292) 


= 31.1 pound feet 


" vik si ay 


+ “otmteSt. ei 
x2. 


oc : + 1) =—.% ; . | 
; ete e. SE( a ae ae - a 


- “§fetet). hel (FeO. Weezes LL > Gee e088] = 
SOG. 21 10%. 1) 


taei beaveg G.3F oad 
xsi en wer 

(SER. SOR) + (UL Sete Se 9otyheeteaesye0Be., - 
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CONCENTRIC DUMBELL 


uM 
Oo 


ISOMETRIC DUMBELL 


ECCENTRIC DUMBELL 


=M 
fe) 


iH} 


MOMENT CALCULATIONS 
(contractions at 6= 80°) 


“Subject 4 


(mr bm + 932.17sind +°G@ + 7 da 
aa rer a r 


[.1088¢.5305): + =9042(.9721)432.1/singoor+ 
(.9757)3% 234 


26.5 pound feet 


@r st mir) 32.47-sind 
aa 3 eB 
[ .1088(.5305) + 1.2243(.9721)] 32.17sin80° 


39.5 pound feet 


(mir, + m © )32.-1/sing - (I, + I )o 


[.1088(.5305) + 4 237229721) 132 17sin80, - 
(1.5462)1.348 


44.0 pound feet 


ISOMETRIC WITH DYNAMOMETER 


=M 
fo) 


mr sing (32.17) + Rr 
ata 
~1.088.(35305) sins0° 32.17) + 53.175(.8021) 


44.5 pound feet 
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MOMENT CALCULATIONS 
(contractions at 8= 110°) 


“Subject 4 


CONCENTRIC DUMBELL 


iM = Gar. Ff mur .y32et/singat Coe Ta 
oO a 2 pao a je 


= [.1088(.5305) + 1.0060(.9721)]32.17sin70° + 
(1.0874)2.259 


= 28.8 pound feet 


ISOMETRIC DUMBELL 
iM, = § 6(re + mer) SZ sing 
aa TAY 
= {£1O68C. 5305)) + 2.259. 9721) Jo2-1/sin/0- 


= 38.6 pound feet 


ECCENTRIC DUMBELL 


Ms = (narat mar Y3o2.1/sind = (r+ Le 
Oo Fg) saan @ a r 


[.1088(.5305) + 1.6653(.9721)]32.17sin70° - 
(1.7868)7.061 


38.1 pound feet 


ISOMETRIC WITH DYNAMOMETER 


=M Mere Sine (S217) F Rr 
re) aa 


= +1088(25305)sin/0° (32047) 57 6060.8021) 


= 47.9 pound feet 
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MOMENT CALCULATIONS 
(contractions at 6= 80 ) 


“Subject 5 


CONCENTRIC DUMBELL 
IM. = ‘Gr + mr )sind + CG. + 1a 
fe) ae ae 4 a r 


= [.1109(.5433) + .8435(1.0044) ]32.17sin80° + 
(.9769) 2.348 


= 31.0 pound feet 


ISOMETRIC DUMBELL 


rz 


(mr +m_r_) 32.17 sind 
aa rr 
mT P22009 C55435) + 1.0044(1.0044) ]32.17sin80° 


= 33.9 pound feet 


ECCENTRIC DUMBELL 


= E ing = (1 De 
mM | (mit. + mr _)sin ( a *) 


[.1109(.5433) + 1.6323(1.0044)]32.17sin80° - 
(1.9076)5.557 


43.2 pound feet 


ISOMETRIC WITH DYNAMOMETER 
2M. © mir. find (32.47) + Br 
aa 


.1109(.5433)sin80° (32.17) + 53.685(.6823) 


38.5 pound feet 
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MOMENT CALCULATIONS 
(contractions at 6=110°) 


Subject 5 


CONCENTRIC DUMBELL 
=M | = (mr. + m_r_.)siné + (I, + Ta 


= [.1109(.5433) + .8451(1.0044)]32.17sin70° + 
(.0458 + .9323)2.186 


= 29.6 pound feet 
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(1.9076)3.546 
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MOMENT CALCULATIONS 
(contractions at $= 80°) 


Subject 6 


in8 + + I 
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[.1005(.5614) + 1.0013(1.0242)]32.17sin80° + 
(.0435 + 1.1474)1.364 


35.9 pound feet 
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MOMENT CALCULATIONS 
(contractions at ¢= 110°) 


“Subject 6 


CONCENTRIC DUMBELL 
IM = (mr +m_r_)sind + (I_ +1 )a 
aaa ay a a : 


= [.1005(.5614) + 1.0021(1.0242)]32.17sin70° - 
(.0435 + 1.1443)4.468 


= 27.4 pound feet 
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DYNAMOMETER DATA 


Two maximal isometric contractions performed on the dynamometer 
described by Karpovich and Karpovich (1969) were recorded and included 
in this report as an additional isometric strength measurement. The 
two contractions were performed at an angle of eighty (80) and one- 
-hundred and ten (110) degrees. This section of the report contains the 
results of the tests. 

A problem was encountered with the recording apparatus which 
had the potential to seriously affect the results. Exhibit 1 displays 
two parts of the tracing used to calibrate the dynamometer output. 

Part "a'' shows two horizontal lines. The uppermost line was the base 
line and a close examination of same revealed that it had shifted first 
downward and then upward. Part "b'' was the actual tracing used in the 
calibration process and it was noticed that the base line had shifted 
several times there also. Another student who was using the equipment 
for his thesis was instructed by Dr. Singh, who was in charge of the 
machine, to use the level of the line which predominated before the 
testing began. The lower portion of the line was therefore chosen 

as the reference point. 

Forty-six point zero nine (46.09) pounds was loaded onto the 
lever arm of the dynamometer. The tracing showed a deflection of 
thirteen (13) units. The calibration process indicated three point 


five four five (3.545) pounds per unit. 
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Exhibit 2 displays the tracings for the various subjects 


which were tested the same day that the above calibration took place. 
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The data displayed in Exhibit 2 was deficient with regard to 
the contractions of subjects one, two and five. For a variety of reasons, 
a retest of each subject was performed. In the case of subjects one and 
two the retest was conducted after it was suspected that a maximal out- 
put had not been given. In the case of subject five, the original 
results were lost. The results of the retest have been listed in 
Exhibit 3 and both the test and calibration recording have been 


included. 
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EXHIBIT 3 


6 = 110° Calibration 


Subject 1 


Forty-two point two six (42.26) pounds was loaded onto the 
lever arm of the dynamometer. The tracing produced a deflection of 
twelve (12) units. The calibration process indicated three point 


five two two (3.522) pounds per unit. 


6%= 110" Calibration 


Subject 2 


Fifty-three point zero six two (53.062) pounds was loaded onto 
the arm of the dynamometer. The tracing indicated a deflection of 
fifteen (15) units. The calibration process indicated three point five 


three seven (3.537) pounds per unit. 
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EXHIBIT 3 cont'd 


6 = 80 Calibration 
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Thirty-four (34) pounds was loaded onto the arm of the 
dynamometer. The tracing indicated a deflection of Nine point five 
(9.5) units. The calibration process indicated three point five 


four five (3.545) pounds per unit. 
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Table 10 contains the data used to compute the R reading 


for each individual. 


TABLE 10 
The Determination of R 


(the dynamometer torque reading) 


Subject Deflection Calibration 

(units) (pounds/unit) 
80° 1 rhag ple | 3.545 
80° 2 6.00 3.545 
80° 3 9.75 3.545 
80° 4 15.00 3.545 
80° 5 15.00 3.579 
80° 6 13.25 3.545 
10s 1 12.00 3.522 
110° 2 7250 3537 
140° 3 11.50 3.545 
110° 4 16.25 3.545 
120° he 16.50 3.579 
110° 6 14.50 3.545 
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